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THE AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SOIENCP. 


THE SCIENCE OF ASTRONOMY.* 

I raxe for the subject of my address 
the science of astronomy, and propose to 
give a brief historical sketch of it, to 
consider its future development, and to 
speak of the influence cf the sciences on 
civilization. 

The science of astronomy is so closely 
connected with the affairs of life, and is 
brought into use so continuously and in 


‘such a systematic manner, that most people 


never think of the long labor that has 
been necessary to bring this science to its 
present condition. In the early times it 
was useful to the legislator and the priest, 
for keeping records, the times of public 
ceremonies and of religious festivals. It 
slowly grew into the form of a science, and 
became able to make predictions with some 
certainty. This was many centuries ago. 
Hipparchus, who lived 150 B.c., knew the 
periods of the six ancient planets with 
considerable accuracy. His periods are: 


Error < 100 
Period. Period 

874.9698 + 04.0007 
4332.3192 — 0.0061 


* Address of the President of the American 
Association for the Advancement of Science, 
Washington meeting, December 29, 1902. 
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These results indicate that more than 
two thousand years ago there existed re- 
corded observations of astronomy. Hip- 
parchus appears to have been one of those 
clear-headed men who deduce results from 
observations with good judgment. There 
was a time when those ancient Greek as- 
tronomers had conceived the heliocentric 
motions of the planets, but this true theory 
was set aside by the ingenious Ptolemy, 
who assumed the earth as the center of 
motion, and explained the apparent mo- 
tions of the planets by epicycles so well 
that his theory became the one adopted 
in the schools of Europe during fourteen 
centuries. The Ptolemaic theory flattered 
the egotism of men by making the earth the 
center of motion, and it corresponded well 
with old legends and myths, so that it be- 
came inwoven with the literature, art and 
religion of those times. Dante’s construc- 
tion of Hell, Purgatory and Paradise is 
derived from the Ptolemaic theory of the 
universe. His ponderous arrangement of 
ten divisions of Paradise, with ten Purga- 
tories and ten Hells, is said by some 
erities to furnish convenient places for 
Dante to put away his friends and his 
enemies, but it is all derived from the pre- 
vailing astronomy. Similar notions will 
be found in Milton, but modified by the 
ideas of Copernicus, which Milton had 
learned in Italy. The Copernican theory 
won its way slowly, but surely, because it 
is the system of nature, and all discoveries 
in theory and practical astronomy helped 
to show its truth. Kepler’s discoveries in 
astronomy, Galileo’s discovery of the laws 
of motion and Newton’s discovery of the 
law of gravitation, put the Copernican 
theory on a solid foundation. Yet it 
was many years before the new theories 
were fully accepted. Dr. Johnson thought 
persecution a good thing, since it weeds 
out false men and false theories. The 
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Copernican and Newtonian theories have 
stood the test of observation and criticism, 
and they now form the adopted system of 
astronomy. 

The laws of motion, together with the 
law of gravitation, enable the astronomer 
to form the equations of motion for the 
bodies of owr solar system; it remains to 
solve these equations, to correct the orbits, 
and to form tables of the Sun, Moon and 
the planets. This work was begun more 
than a century ago, and it has been re- 
peated for the principal planets several 
times, so that now we have good tables of 
these bodies. In the case of the principal 
planets the labor of determining their 
orbits was facilitated by the approximate - 
orbits handed down to us by the ancient 
astronomers; and also by the peculiar con- 
ditions of these orbits. For the most part 
the orbits are nearly circular; the planets 
move nearly in the same plane, anc their 
motions are in the same direction. These 
are the conditions Laplace used as the 
foundation of the nebular hypothesis. 
With approximate values of the periods 
and motions, and under the other favor- 
ing conditions, it was not difficult to form 
tables of the planets. However the general 
problem of determining an orbit from 
three observations, which furnish the 
necessary and sufficient data, was not 
solved until about a century ago. The 
orbits of comets were first caleulated with 
some precision. Attention was called to 
these bodies by their threatening aspects, 
and by the terror they inspired among 
people. It was therefore a happy duty 
of the astronomers to show that the comets 
also move in orbits around the Sun, and 
are subject to the same laws as the planets. 
This work was easier because the comets 
move nearly in parabolas, which are the 
simplest of the conic sections. Still the 
general problem of finding the six ele 
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ments of an orbit from the six data given 
by three observations remained to be 
solved. The solution was given by. Gauss 
a century ago in a very elegant manner. 
His book is a model, and one of the best 
ever written on theoretical astronomy. 
No better experience can be had for a 
student than to come in contact with such 
a book and with such an author. The so- 
lution of Laplace for the orbit of a comet 
is general, but demands more labor of com- 
puting than the method of Olbers, as ar- 
ranged by Gauss. It is said by some 
writers that the method of Laplace is to 
be preferred because more than three ob- 
servations can be used. In fact this is 
necessary in order to get good values of 
the derivatives of the longitudes and lati- 
tudes with respect to the time, but it leads 
’ to long and rather uncertain computations. 
Moreover it employs more data than are 
necessary, and thus is-a departure from 
the mathematical theory of the problem. 


This method is ingenious, and by means | 


of the derivatives it gives an interesting 
rule for judging of the distance of a comet 
from the earth by the curvature of its ap- 
parent path, but a trial shows that the 
method of Olbers is much shorter. Good 
preliminary orbits can now be computed 
for comets and planets without much labor. 
This, however, is only a beginning of the 
work of determining their actual motions. 
The planets act on each other and on the 
comets, and it is necessary to compute the 
result of these forces. Here again the 
conditions of our solar system furnish 
peculiar advantages. The great mass of 
the sun exerts such a superior force that 
the attractions of the planets are relatively 
small, so that the first orbits, computed by 
neglecting this interaction, are nearly cor- 
rect. But the interactions of planets be- 
come important with the lapse of time, 
and the labor of computing these perturba- 
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tions is very great. This work has been 
done repeatedly, and we now have good 
numerical values of the theories of the 
principal planets, from which tables can 
be made. Practically, therefore, this ques- 
tion appears to be well toward a final solu- 
tion. But the whole story has not been 
told. 

The planets, on account of their relative 
distances being great and because their | 
figures are ‘nearly spherical, can be consid- 
ered as material particles and then the 
equations of motion are readily formed. 
In the case of » material particles acting 
on each other by the Newtonian law, and 
free from external action, we shall have 
3n differential equations of motion, and 6n 
integrations are necessary for the complete 
solution. Of these only ten can be made, 
so that in the case of only three bodies 
there remain eight integrations that cannot 
be found. The early investigators soon 
obtained this result, and it is clearly stated 
by Lagrange and Laplace. The astron- 
omer, therefore, is forced to have recourse 
to approximate methods. He begins with 
the problem of two bodies, the sun and a 
planet, and neglects the actions of the other 
planets. In this problem of two bodies 
the motions take place in a plane, and the 
integrations can all be made. Two con- 
stants are needed to fix the position of the 
plane of motion, and the four other con- 
stants pertaining to the equations in this 
plane are easily found. This solution is 
the starting point for finding the orbits of 
all the planets and comets. The mass of 
the sun is so overpowering that the solu- 
tion of the problem of two bodies gives a 
good idea of the real orbits. Then the 
theory of the variation of the elements is 
introduced, an idea completely worked out 
into a practical form by Lagrange. The 
elements of the orbits are supposed to be 
continually changed by the attractions of 
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the other planets. By means of this 
theory, and the mathematical machinery 
given by Lagrange, which can be applied 
to a great variety of questions, the observa- 
tions of the planets can be satisfied over 
long intervals of time. When this theory 
of the motions was carried out a century 
ago it appeared that the great problem of 
planetary motion was near a complete so- 
lution. But this solution depends on the 
use of series, which undergo integrations 
that may introduce small divisors. An 
examination of these series by Hansen, 
Poincaré and others indicates that some 
of them are not convergent. Hence the 
conclusions formerly drawn about the 
stability of our solar system are not trust- 
worthy, and must be held in abeyance. 
But looking at the construction of our sys- 
tem, and considering the manner in which 
it was probably evolved, it appears to be 
stable. However the mathematical proof 
is wanting. In finding the general inte- 
grals of the motions of n bodies, the as- 
sumption that the bodies are particles gets 
rid of the motions of rotation. These 
motions are peculiar to each body, and are 
left for special consideration. In the case 
of the earth this motion is very important, 
since the reckoning of time, one of our 
fundamental conceptions, depends on this 
motion. Among the ten general integrals 
that can be found six belong to the pro- 
gressive motion of the system of bodies. 
They show that the center of gravity of 
the system moves in a right line, and with 
uniform velocity. Accurate observations 
of the stars now extend over a century 
and a half, and we are beginning to see 
this result by the motion of our sun 
through space. So far the motion appears 
to be rectilinear and uniform, or the action 
of the stars is without influence. This is 


a matter that will be developed in the 
future. ‘Three of the other general inte- 
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grals belong to the theory of areas, and 
Laplace has drawn from them his theory 
of the invariable plane of the system. The 
remaining integral gives the equation of 
living force. The question of relative mo- 
tion remains, and is the problem of the- 
oretical astronomy. This has given rise 
to many beautiful mathematical investi- 
gations, and developments into series. But 
the modern researches have shown that we 
are not sure of our theoretical results ob- 
tained in this way, and we are thrown 
back on empirical methods. Perhaps the 
theories may be improved. It is to be 
hoped that the treatment of the differential 
equations may be made more general and 
complete. Efforts have been made in this 
direction by Newcomb and others, and 
especially by Gyldén, but so far without 
much practical result. 

The problem of three bodies was en- 
countered by the mathematicians who fol- 
lowed Newton, and many efforts were 
made to solve it. These efforts continue, 
although the complete investigations of 
Lagrange appear to put the matter at 
rest. The only solutions found are of very 
special character. Laplace used one of 
these solutions to ridicule the doctrine of 
final causes. It was the custom to teach 
that the moon was made to give us light 
at night. Laplace showed by one of the 
special solutions that the actual conditions 
might be improved, and that we might 
have a full moon all the time. But his 
argument failed, since such a system is 
unstable and cannot exist in nature. But 
some of the efforts to obtain partial solu- 
tions have been more fruitful, and G. W. 
Hill has obtained elegant and useful re- 
sults. These methods depend on assumed 
conditions that do not exist in nature, but 
are approximately true. The problem of 
two bodies is a case of this kind, and the 
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partial solutions may illustrate, but will 
not overcome, the fundamental difficulty. 

The arrangement of our solar system is 
such that the distances of the planets from 
one another are very great with respect to 
their dimensions, and this facilitates very 
much the determination of their motions. 
Should two bodies approach very near each 
other the disturbing force might become 
great, even in the case of small masses. 
In the case of comets this condition hap- 
pens in nature, and the comet may become 
a satellite of a planet, and the sun a dis- 
turbing body. In this way it is probable 
that comets and meteoric streams have 
been introduced into our solar system. We 
have here an interesting set of problems. 
This question is sometimes treated as one 
of statics, but since the bodies are in mo- 
tion it belongs to dynamics. Further 
study may throw light on some relations 
between the asteroids and the periodical 
comets. 

The great question of astronomy is the 
complete and rigorous test of the New- 
tonian law of gravitation. This law has 
represented observations so well during a 
century and a half that it is a general be- 
lief that the law will prove true for all 
time, and that it will be found to govern 
the motions of the stars as well as those of 
our solar system. The proof is cumulative 
and strong for this generality. It will be 
a wonderful result if this law is found 
rigorously true for all time and throughout 
the universe. Time is sure to bring severe 
tests to all theories. We know that the 
law of gravitation is modified in the mo- 
tions of the matter that forms the tails of 
comets. There is an anomaly in the theory 
of Mercury which the law does not ex- 
plain, and the motion of our moon is not 
yet represented by theory. The lunar 
theory is very complicated and difficult, 
but it does not seem probable that the de- 
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fect in Hansen’s theory will be found by 
recomputing the periodical coefficients, 
that have been already computed by many 
mathematicians and astronomers, and with 
good agreement by Hansen and Delaunay, 
by very different methods. Hansen was 
a computer of great skill, but he may have 
forced an agreement with observations, 
from 1750 to 1850, by using a coefficient of 
long period with an erroneous value. No 
doubt the error of this theory will be dis- 
covered. Back of all theories, however, 
remains the difficulty of solving the equa- 
tions of motion so that the result can be 
applied with certainty over long periods 
of time. Until this is done we shall not 
be able to subject our law to a crucial test. 

The constants that enter the theories of 
the planets and moon must be found from 
observations. In order to compare obser- 
vations made at distant epochs, the motions 
of the planes of reference must be known 
with accuracy, and also the motion of our 
solar system in space. As the stars are 


our points of reference their positions and 


their proper motions must be studied with 
great care. This department of astron- 
omy was brought to a high degree of order 
by the genius of Bessel, whose work forms 
an epoch in modern astronomy. The re- 
cent progress made in determining the 
positions of the stars in all parts of the 
heavens will be a great help to the investi- 
gations of the future. We must have ob- 
servatories where accurate and continuous 
observations are made. Our country is 
well situated to supplement the work of 
Europe, and we hope it will never fail 
to add its contribution to the annals of 
astronomy. American astronomers should 
keep pace in the improvements for increas- 
ing the ease and accuracy of making ob- 
servations. The spectroscope has given a 
new element in the motions of the stars, 
not to speak of the interesting physical re- 


og 
- 
4 
i 
ie 
{ 
> | 
4 
Gee 
an 
! 
+ 
be . 
= 
- 
4 
i 
4 


6 SCIENCE, 


sults obtained by its use. Photography 
will give great aid in determining the rela- 
tive positions of the stars and in form- 
ing maps of the heavens. All new methods, 
however, will need examination and criti- 
cism, since they bring new sources of error. 
Fifty years ago it was thought the chrono- 
graph would increase very much the ac- 
euracy of right ascensions. It has not 
done this directly to any great extent, but 
it has increased the ease and rapidity of 
observing. We must remember that as- 
tronomical results finally depend on 
meridian observations, and that it is the 
duty of astronomers to make these con- 
tinuous from generation to generation. 
In this way we shall gain the powerful in- 
fluence of time to help control and solve 
our problems. There is one point where 
a reform may be needed from the dead 
weight of the large and expanding vol- 
umes sent forth by observatories and sci- 
entific institutions. The desire for publi- 
cation is great, but the results should be 
well discussed and arranged, so that the 
printing may be shortened. Otherwise 
our publications may become burdensome, 
and when they are piled up in libraries 
some future Caliph Omar may be tempted 
to burn them. Even mathematics appears 
to labor under a similar oppression, and 
much of its printed matter may be destined 
to moulder to useless dust. 

In the not distant future stellar astron- 
omy will become a great and interesting 
field of research. The data for the mo- 
tions of the stars are becoming better 
known, but these motions are slow, and the 
astronomer of to-day looks with envy on 
the astronomer of a thousand years hence, 
when time will have developed these mo- 
tions. Much may be done by the steady 
and careful work of observation and dis- 
cussion, and the accumulation of accurate 
data. Here each one of us can add his 
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mite. But the great steps of progress in 
science have come from the efforts of indi- 
viduals. Schools and universities help 
forward knowledge by giving to many 
students opportunities to learn the present 
conditions, and from them some genius 
like Lagrange or Gauss may come forth to 
solve hard questions, and to break the 
paths for future progress. This is about 
all the schools can do. We need a body 
of men who ean give their lives to quiet 
and continuous study. When the young 
Laplace was helped to a position where he 
could devote his life to research D’Alem- 
bert did more for the progress of astron- 
omy than all the universities of Europe. 
One needs only to glance at history to 
see how useful astronomy has been in 
the life of the world. It has wonderfully 
enlarged the universe, and widened the 
views of men. It shows how law and 
order pervade the world in which we live; 
and by the knowledge it has disseminated 
and by its predictions it has banished 
many superstitions and fears. The sci- 
ences will continue to grow; and they will 
exert the same influence. The erroneous 
and dogmatic assertions of men will be 
pushed aside. In our new country the 
energies of the people are devoted chiefly 
to commercial and political ends, but 
wealth is accumulating, leisure and op- 
portunity will come, and we may look for- 
ward to a great development of scientific 
activity. We must be patient. Men do 
not change much from generation to gener- 
ation. Nations that have spent centuries 
in robbery and pillage retain their dis- 
positions and make it necessary for other 
nations to stand armed. No one knows. 
when a specious plea for extending the 
area of civilization may be put forth, or 


‘when some fanatic may see the hand of 


God beckoning him to seize a country. The 
progress of science and invention will 
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render it more difficult for such people to 
execute their designs. A century hence 
it may be impossible for brutal power; how- 
ever rich and great, to destroy a resolute 
people. It is in this direction that we 
may look for international harmony and 
peace, simply because science will make 
war too dangerous and too costly. 

The influence of the sciences in bringing 
men of different nationalities into harmony 
is great. ‘This is done largely by the com- 
‘mon languages that are formed in each sci- 
ence. In mathematics the language is so 
well formed and generally adopted that 
mathematicians all over the world have no 
trouble in understanding one another. It 
may be difficult to read Russian, but 
every one can read the formulas of Tche- 
bitechef and Lobaschewsky. In astron- 
omy the common language is nearly as well 
established, so that there is little difficulty 
in understanding the astronomy of differ- 
ent nations. A similar process is going on 
in chemistry, botany and in the other sci- 
ences. When men are striving for the 
discovery of truth in its various manifesta- 
tions, they learn that it is by correcting 
the mistakes of preceding investigators 
that progress is made, and they have 
charity for criticism. Hence persecution 
for difference of opinion becomes an ab- 
surdity. The labors of scientific men are 
forming a great body of doctrine that can 
be appealed to with confidence in all coun- 
tries. Such labors bring people together, 
and tend to break down national barriers 
and restrictions. The scientific creed is 
constantly growing and expanding, and we 
have no fears, but rejoice at its growth. 
We need no consistory of bishops, nor 
synod of ministers, to tell us what to be- 
lieve. Everything is open to investigation 
and criticism. 

In our country we have one of the great- 
est theaters for national life that the world 
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has ever seen. Stretching three thousand 
miles from ocean to ocean, and covering 
the rich valleys of the great rivers, we 
have a land of immense resources. Here 
is a vast field for scientific work of various 
kinds. No doubt the men of the future 
will be competent to solve the problems 
that will arise. Let us hope that our 
national character will be just and humane, 
and that we may depart from the old 
custom of robbing and devouring weak 
peoples. Any one who saw the confusion 
and waste in this city in 1862 might well 
have despaired of the Republic; and he 
who saw the armies of Grant and Sher- 
man pass through the city in 1865 felt that 
he need fear no foreign foe: neither French 
emperor, nor English nobleman nor the 
sneers of Carlyle. To destroy a democracy 
by external force the blows must be quick 
and hard, because its power of recupera- 
tion is great. The danger will come from 
internal forces produced by false political 


and social theories, since we offer such a 


great field for the action of charlatans. 
Our schools and colleges send forth every 
year many educated people, and it is some- 
times disheartening to see how little in- 
fiuence these people have in public life. 
Those who are trained in the humanities 
and churches ought to be humane in deal- 
ing with other people, ready to meet great 
emergencies and powerful to control bad 
tendencies in national affairs. But this 
is rarely the case. On the other hand the 
most unscrupulous apologists and perse- 
eutors have been educated men, and the 
heroes of humanity have come from the 
common people. This anomaly points to 
something wrong in the system of educa- 
tion, which should disappear. The in- 
erease and teaching of scientific ideas will 
be the best means of establishing simple 
and ‘natural rules of life. Nature, and 
science her interpreter, teach us to be 
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honest and true, and they lead,us to the 
Golden Rule. AsaPpH HALL. 


POPULAR SCIENCE.* 


LapDIES AND GENTLEMEN: Five years ago 
I prepared a sketch of an address which I 
expected to deliver as retiring president 
of the Iowa Academy of Science. I was 
not able to deliver the address, however, 
on account of enforced absence from the 
Des Moines meeting of the Academy at 
Christmas time, 1897. It was my inten- 
tion in that address to speak in terms of 
commendation of some of the ideas ad- 
vanced by Professor Woodrow Wilson in 
his then recent address given on the occa- 
sion of the Sesquicentennial celebration of 
Princeton University. Professor Wilson’s 
recent promotion to the presidency of 
Princeton University has called his Sesqui- 
centennial address again to our minds, and 
it seems to me that I may very properly 
say now what I had intended to say in 
1897, especially inasmuch as no one, speak- 
ing for science, has expressed any degree 
of sympathy with President Wilson’s point 
of view. I hope to make my meaning so 
clear and definite as to render it unneces- 
sary for me to limit or qualify my general 
expression of sympathy with Professor 
Wilson; although the words he has used 
in his Sesquicentennial address are cer- 
tainly open to an interpretation which no 
seriously minded man of science could pos- 
sibly accept. 

In order that we may enter upon this 
subject with some degree of mutual under- 
standing, I think it is necessary to quote 
President Wilson at some length. He 
says, ‘‘I am much mistaken if the scien- 
tific spirit of the age is not doing us a 
great disservice, working in us a certain 
great degeneracy. Science has bred in us 
a spirit of experiment and a contempt for 


* Address of the Chairman of Section B and 
Vice-President of the American Association for 
the Advancement of Science, read at the Wash- 
ington meeting, December 29, 1902. 


tifie spirit.’’ 


. his apparently loose and unguarded use 
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the past, * * *’’ yet ‘‘I have no indict- 
ment against what science has done: I 
have only a warning to utter against the 
atmosphere which has stolen from our 
laboratories into lecture rooms and into 
the general air of the world at large. * * *’’ 
Science ‘‘has driven mystery out of the 
universe; it has made malleable stuff out 
of the hard world and laid it out in its 
elements upon the table of every class 
room. Its own masters have known its 
limitations; they have stopped short at the 
confines of the physical universe ; they have 
declined to reckon with spirit or with the 
stuffs of the mind, have eschewed sense 
and confined themselves to sensation. But 
their work has been so stupendous that all 
other men of all other studies have been 
set staring at their methods, imitating their 
ways of thought, ogling their results.’’ 
‘‘Let me say once more, this is not the 
fault of the scientist, he has done his work 
with an intelligence and success which can- 
not be too much admired. It is the work 
of the noxious and intoxicating gas, which 
has somehow got into the lungs of the rest 
of us from out of the crevices of his work- 
shops—a gas it would seem, which forms 
only in the outer air, and where men 
do not know the right use of their 
lungs. * * *’’ ‘*‘We have not given sci- 
ence too big a place in our education, but 
we have made a perilous mistake in giving 
it too great a preponderance in method 
over every other branch of study. We 
must make the humanities human again; 
we must recall what manner of men we 
are; must turn back once more to the re- 
gion of practicable ideals. * * *’’ ‘‘I 
should fear nothing,’’ says President Wil- 
son, ‘‘better than utter destruction from a 
revolution conceived and led in the scien- 


The chief obstacle to me in my attempt 
to reach a satisfactory appreciation of 
President Wilson’s point of view lies in 
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of the term ‘scientific spirit.’ If he means 
by it that humble spirit of inquiry based 
upon systematic methods of analysis which 
are really applicable to the nature of the 
inquiry, I certainly can not agree with him 
that it can do any disservice or that it 
would be anything but a basis of hope as 
the ruling element in a revolution. I do 
not believe that President Wilson enter- 
tains any such idea. If he means, how- 
ever, to signify by ‘scientific spirit’ that 
widespread and portentous ‘neglect of the 
essential qualities in things,’ I most cer- 
tainly approve his meaning and share his 
feelings of distress, although I disapprove 
his mode of expression. 

Scientific men are of course not entirely 
free from this neglect of the essential 
qualities in things, but I think that the 
chief neglect lies in the general popular 
imagination, and I believe that the growth 
of modern science and the resulting trans- 
formations of our material world, have 
brought upon us an acute and distressing 
manifestation of it. Inasmuch as I intend 
to speak to you mainly of the nature and 
extent of the influence of scientific work 
on the popular imagination, I may claim 
to speak on popular science. 

We can not discuss intelligently any 
subordinate manifestation of science until 
we come to some mutual understanding 
as to what science itself is; but I must 
confess that I do not like to go to the 
extent of defining a thing which, in my 
own mind at least, is so severely plain and 
humble. I do not know how you feel, but 
for my part I am sick of this disgusting 
din which has been increasing for a hun- 
dred years in canting praise of science, a 
din which I can most easily specify to your 
perception by saying that my reluctance 
to define science is chiefly the fear that 
a pack of popular idiots will rise up 
with indiscriminate shouting and say—you 
know, of course, that I have endless choice 
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of ridiculous sayings of influential men in 


needless and foolish praise of science to 


quote from! Science does not need praise, 
nor does work need praise; they both need 
plain wages. I think it is time to urge 
a definition of science which will help to 
purge the popular imagination. Science is 
the spirit of work. I do not mean the 
spirit of a man who works, but I do mean 
simply that science has to do solely with 
the increasing efficacy of the sweaty labor 
of this world. I am little disposed to 
argue what many of you may be inclined 
to think an undue narrowness in this defi- 
nition, but I assure you that it is wide 
enough for me. ‘An affected thinker,’ 
says Ruskin, ‘who supposes his thinking 
of any other importance than as it tends 
to work is about the vainest kind of per- 
son that can be found’ among busy men. 

My own knowledge of science rests partly 
on anticipation and partly on a college and 
university experience more than usually 
varied, and I am convinced that science is 


‘primarily concerned with the making of 


breeches,’ although, of course, you know 
and I know many things not now appli- 
eable to that useful, or in some cases it 
may be useless, business. Perhaps one 
who is chiefly engaged in technical educa- 
tion is prone to accept that practical view, 
yet one should not, I think, attempt to 
escape the evidence of one’s experience, 
the Jess so, indeed, the more intimately his 
experience is related to practical affairs, 
and in any case one should only strive 
against exaggerated inference and extrava- 
gant conclusion. 

I trust that the granting of my conten- 
tion as to the severe and unpretentious 
homeliness of science may not divest it in 
your minds of a bloom which you deem 
essential to your interest in it; but how- 
ever that may be, an understanding of 
what I have to say demands that much 
of you. 
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I hesitate to accept President Wilson’s 
ideal of the perfect place of learning of 


which he says: ‘Calm Science [is] seated’ 


there, recluse, ascetic, like a nun, not know- 
ing that the world passes, not caring, if 
truth but come in answer to her prayer; 
and Literature walking within her open 
doors, in quiet chambers, with men of 
olden time, and calm voices infinitely 
sweet,’ for I fear that President Wilson 
assumes that the spirit of science is the 
same as the spirit of literature which is 
no less a grievous error than to assume 
that the spirit of literature is the same as 
the spirit of science. I can not think of 
science as ‘recluse, ascetic, like a nun’; 
but unquestionably the true seat of learn- 
ing is a place apart from the world, hedged 
about by virtue, intrenched in grace and 
beauty like a woman’s womb, its air pure 
and wholesome with the breath of faith, 
and looking to heaven for the confirmation 
of its hope. 

I am inclined to look upon science as a 
servant and I have no sympathy for that 
state of mind which is exemplified by two 
extreme types; the man of alleged general 
culture who has:so far forgotten his man- 
hood as to be lost in vacant, staring wonder 
at the material results of modern science, 
but who remains in either lazy or stupid 
ignorance of the underlying method, and 
the specialist who sighs for those good old 
days when one man’s mind might compass 
the entire range of scientific activity. This 
second type is a man who errs mainly in 
false humility and I am reminded in this 
connection of the character of Wagner in 
Goethe’s Faust, second part, who humili- 
ates himself before a creature of his own 
devising, the Homonculus. I take it to 
be self-evident that science can never 
transcend the intellectual grasp of a single 
man. Of course we must remember that 
as in case of a large industrial establish- 
ment there are many details which cannot 
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be carried forward by the superintendent 
alone, so in science there are many special 
details which cannot be carried forward — 
by one person, but if we consider rightly, 
I think it must appear that these details 
are essentially not intellectual. 

Concerning those whose interest in sci- 
ence is based upon its results, I think you 
will agree with me that no intelligent in- 
terest can be so founded. Everything 
that appears in the name of science in our 
newspapers and magazines relates only to 
results. Have any of you seen in our 
newspapers or popular magazines any de- 
tailed description of the principles and 
methods used by Marconi in his wireless 
telegraphy? I think you have not, and 
yet we know too well that there is not a 
newspaper reader in the country but im- 
agines he has an idea of wireless telegraphy 
simply because he has read that Marconi 
has signaled across the Atlantic Ocean! 

I am somewhat intimately connected 
with the teaching of electrical engineer- 
ing, more intimately, perhaps, than my 
chief interests warrant, and I frequently 
have occasion to speak with non-technical 
men respecting this subject. There are, 
indeed, many plain men who keep their 
senses when they speak of the develop- 
ments in applied electricity and who talk 
with some degree of rudimentary intelli- 
gence concerning these things, but there 
are many, very many, more who seem to 
imaginej that the glad comfort with which 
they ride in a trolley car constitutes an 
intelligent interest in science and has an 
intellectual quality! 

True interest in science begins when one 
gets an idea into one’s head and sees its 
firm and unequivocal application to ex- 
ternal fact, and the characteristic feature 
of the study of science is a determining 


objective constraint upon the processes of 


the mind. I am surprised that this one 
important feature of science study is never 
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mentioned in the many estimates that have 
been made of the value of science study in 
education, for as a matter of fact that 
complete definiteness which is usually 
urged as the characteristic feature of sci- 
ence study is the fundamental condition 
of every psychological process; you say 
this or you say that, you go or you do not 
go; and the psychological processes which 
play in the study of science do not differ 
from other psychological processes in this 
respect, absolutely not at all. 

Let me illustrate this objective character 
of science study by an example which hap- 
pens also to illustrate an error which I 
suppose many of you entertain. What is 
the definition of the mass of a body? The 
careless and imaginative definition which 
is usually given is that ‘the mass of a body 
is the quantity of matter the body con- 
tains.’ I suppose that definition satisfies 
many of you, but it does not satisfy me. 
All our notions of length and angle take 
their rise in and are fixed or defined by 
those fundamental geometric operations of 
congruence. The real definition of mass 
is no less a physical operation, the verbal 
definition is the briefest possible specifica- 
tion of this operation and it can be nothing 
else, the result of this operation on a given 
body is an invariant number, and by a feat 
of the imagination we conceive this inva- 
riant number to be a measure of the quan- 
tity of matter the body coniains. Ask a 
farmer’s boy how he would define or set 
the boundaries to a cow pasture, explain- 
ing to him that you seek real practical in- 
formation, and I think he could only 
answer, by building a fence around it! 
Most of our definitions in physics which 
apply to sensible things are necessarily ap- 


plied to ideally simplified conditions which 


can not be feasibly realized as actual opera- 
tions, all for the sake of simplicity and 
directness of statement, and the conse- 
quence is, I think, that many of us lose 
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sight of the fact that these definitions are 
in reality operations. 

I sometimes think that no popular sei- 
entific writings should be tolerated which ~ 
do not introduce the reader to some ap- 
preciation of the exacting requirements of 
successful work. Some of Jules Verne’s 
stories, for example, are peculiarly faulty 
in this respect, and these stories, and many 
others like them, are largely responsible, 
in my opinion, for the widespread fancied 
interest in science on the part of those who 
really care only for, its immediate results. 
Most persons are fascinated by Jules 
Verne’s care-less trip to the moon and by 
the easy improvidence of his ten thousand 
leagues under the sea. 

A short time ago I had occasion to re- 
view a little book in the pages of Screncr, 
and I found therein an opportunity to 
briefly state what in my mind is a more 
serious perversion of science than that 
which is presented by those whose fancied 
interest in it is based on its results, and 


who, poor fools, invest in Keeley motors 


and sea gold companies because, forsootl, 
the desired result is so clearly evident. 
Surely one can not hold the ‘scientific 
spirit’ accountable for ‘great degener- 
acies’ like these. The book in question 
purports to treat of the atomic theory, it 
is prefaced by an introduction by a pro- 
fessor in the University of Chicago, and 
it deserves a place in DeMorgan’s ‘Budget 
of Paradoxes.’ I mentioned in my review, 
to begin with, a list of headings to serve 
to indicate to the general reader the pres- 
ent scope of the atomic theory; the atomic 
theory of gases, the theory of crystal strue- 
ture, the molecular theory of elasticity, 
the electro-atomie theory of radiation, the 
corpuscular theory of the electric discharge 
and of the electric current, stereo-chem- 
istry, and the like, and I expressed it as 
my conviction that neither the author nor 
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his introducer knew even a little of these 
things. 

When I take up a book like the one un- 
der consideration I am always impelled to 
ask myself the question, What are atoms? 
although in studying ordinary books on 
physical science the question never forcibly 
occurs to me. Im so far as we have any- 
thing really to do with atoms, I believe 
they are mere logical constructions. Bacon 
long ago listed in his quaint way the things 
which seemed to him most needful for the 
advancement of learning. Among other 
things he mentioned ‘A New Engine, or 
a help to the mind corresponding to tools 
for the hand,’ and I think that the great- 
est achievement of the nineteenth century 
in the physical sciences is the realization 
of Bacon’s idea in a great body of useful 
theory. Helmholtz says: ‘It is a great 
advantage for the sure understanding of 
abstractions if one seeks to make of them 
the most concrete possible pictures, even 
when the doing so brings in many an as- 
sumption that is not exactly necessary.’ 
Just how much of this useful theory is to 
become the common property of all men it 
is impossible to say. For the theory is 
by no means fixed and may not be for a 
century to come, and no one but the most 
determined specialist can be expected to 
appropriate and use the more complex 
theories which depend upon the keenest 
mechanical sense, the sharpest algebraic 
faculty, the strongest geometrical imagin- 
ation, and the most devoted study; but 
there is a great and growing body of simple 
conception and theory which can and does 
represent to the understanding a vast array 
of fact. 

This New Engine, as Bacon calls it, is 
a necessity to every man in so far as its 
state of perfection and the limited oppor- 
tunity for education permits, and on these 
two conditions no one need fear any seri- 
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ous clogging of men’s minds by it. Many 
scientists do not, however, fully realize, I 
think, that the great majority of men do 
not have and should not have any interest, 
or at least they should not expend their 
energies, in those border regions of science 
where uncertainty and obscurity neces- 
sarily and prevailingly obtain. The fail- 


ure of a specialist to realize the remote 


ness of his work from legitimate popular 
interest often results in his endeavor to 
capture the popular imagination by sensa- 
tional announcements of which we see only 
too many examples. The fact is that 
specialization in science requires a degree 
of renunciatiou and to the extent that this 
requirement ic ~ot met by scientists they 
do a disservice to their fellow men. I 
believe indeed that no man can do honest 
and effective work as a specialist and fail 
to meet this fundamental requirement; and 
the disservice that accrues when he at- 
tempts to evade it is illustrated most dis- 
tressingly by that would-be electro-scien- 
tist who has recently telegraphed to Mars! 

A career in which one could come into 
sympathetic touch with great numbers of 
men would be very satisfactory to most of 
us, no doubt, but the career of the scien- 
tifie specialist is not such, and I can not 
refrain from stating it as my conviction 
that a sufficiently guarded appropriation 
of, say, ten per cent. of the income of the 
Carnegie endowment for furthering the 
personal intercourse of scientific specialists 
would be productive of greater results by 
far than could possibly be effected by the 
expenditure of the remaining ninety per 
cent. in. any other way whatever. I say 
this more particularly from the point of 
view of the western man. 

I think, with President Wilson that 


scientists have, as a rule, recognized the 


limitations of their work, and I certainly 
think, also, that other men err in attribu- 
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ting to science too great an extensity and 


in failing to reach any just appreciation 
of the intensity of science. Every one 
should know that a specialist’s idea of a 
thing, such as a gas, an electric current, or 
a beam of light, comes very near to being 
a working model of the thing. The ele- 
ments out of which such models are made 
are purely notional, and although the 
specialist habitually speaks of them in ob- 
jective terms for the sake of concreteness 
and clearness, it is of the utmost impor- 
tance that the thought be chiefly directed 
to the physical facts which are represented 
and not to the models themselves. ‘Our 
method,’ says Bacon, ‘is continually to 
dwell among things soberly, without ab- 
stracting or setting the mind farther from 
them than makes their images meet,’ and 
‘The capital precept for the whole under- 
taking is that the eye of the mind be never 
taken off from things themselves, but re- 
ceive their images as they truly are, and 
God forbid that we should ever offer the 
dreams of fancy for a model of the world.’ 

There is a tendency among reflecting 
men to confuse the boundaries between our 
logical constructions and the objective 
realms which they represent to the under- 
standing. Miinsterberg thinks that this is 
the gravest danger of our time. I do not 
fully agree with this, but I do agree with 
President Wilson in seeing in this confu- 
sion of boundaries the effects of a noxious 
gas which has somehow got into the lungs 
of other men from out of the crevices of 
our workshops, a gas, it would seem, 
which forms only in the outer air and 
where men do not know the right use of 
their lungs. 

This confusion of boundaries is, to my 
mind, a new species of idolatry. The old 
idolatry is the worship of form, and this 
new idolatry is that contemplation of our 
logical constructions which despises objec- 
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tive constraint. Now, I can not see that 
we as scientists are in any degree respon- 
sible for this disservice, this working of a 
great degeneracy among men, but as indi- 
viduals I think most of us are guilty of 
more or less frequent and flagrant lapses 
of that submission to objective constraint 
which is the very essence of moral quality 
in scientific work. 

An amusing collection of instances of 
this new idolatry, which we all know is 
not so very new after all, is given by De- 


Morgan in his ‘Budget of Paradoxes.’ 


There are many more of these paradoxes, 
to use DeMorgan’s word for those uncon- 
strained flights of the scientific imagina- 
tion, in the mathematical and physical 
sciences than in biology. The explanation 
of this fact is, I think, that the logical 
structures of those sciences are to a great 
extent concrete in character so that even 
strong minds may lose sight of the boun- 
daries between the realms of the mind and 
the realms of objective reality. The wide 


difference between the logical structures 


of physies and of biology may be further 
illustrated if I mention that I have long 
been impressed with the fact that the most 
satisfactory specialist to talk with is the 
biologist. His knowledge is not repre- 
sented to his understanding by a mathe- 
matical-mechanical system of conceptions, 
but it approaches art in its close associa- 
tion with external form. Conversation 


with a physicist is, however, very like look- 


ing into the mechanism of a Mergenthaler 
type-casting machine, with the machine 
out of sight, a thing which is feasible 


enough among designers and builders, but 


searcely a satisfactory basis for the flow 
of thought when one party in the conversa- 
tion happens to be unfamiliar with and 
perhaps not interested in the mechanism in 
question. 
Having so far expressed a degree of sym- 
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pathy with President Wilson in the dis- 
tress which some of the results of science, 
direct or indirect, have given him, I wish 
to say that giving the words of his sesqui- 
centennial address their most sinister inter- 
pretation a modern man would infer that 
President Wilson is inclined to turn back 
to the hope of a revival of classical and 
cloistered erudition as the chief end of 
learning. Now, I think that many of us 
feel that science itself is threatened by 
just this sort of thing in its own field. 
Many of us in fact know so much of the 
partial knowledges that have been reached 
during the century that we are deterred 
from effective work. ‘We advise all men,’ 
says Bacon, ‘ to think of the true ends of 
knowledge, and that they endeavor not 
after it for curiosity, contention, or the sake 
of. despising others, nor yet for profit, 
reputation, power, or any such inferior 
consideration, but solely for the occasions 
and uses of life.’ 

Above all I believe it to be in general a 
perverting thing to use the elements and 
results of science as a basis of metaphysical 
speculation. ‘I believe,’ with Ruskin, 
‘that- Metaphysicians and Philosophers are, 
on the whole, the greatest troubles the 
world has got to deal with; and that, while 
a tytant or bad man is of some use in 
teaching people submission or indignation, 
and a thoroughly idle man is only harmful 
in setting an idle example, and communi- 
eating to other lazy people his own lazy 
misunderstandings, busy metaphysicians 
are always entangling good and active 
people and weaving cobwebs among the 
finest wheels of the world’s business; and 
are as much as possible by all prudent 
persons to be brushed aside like spiders.’ 

There is, of course, a legitimate sphere 
of scientific speculation of a certain kind, 
but the purely suggestive and highly ten- 
tative efforts in this line should not be con- 
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fused with the more substantial work of 
science, and this is precisely what happens 
in the popular imagination. The majority 
of men do not appreciate the difference 
between a discussion of the motion of stars 
in the line of sight based upon spectro- 
scopic measurements and a discussion of 
the habitation of Mars based on nothing 
at all! Idle speculation is the last in- 
firmity of strong minds, but it is certainly 
the first infirmity of weak ones, and popu- 
lar science is, I think, primarily specula- 
tion. 

The extent to which some of our elemen- 
tary text-books in physics indulge in weak 
phases of speculation is very surprising to 
me for in this connection it is absolutely 
out of place and entirely misleading. 
What do you think, for example, of the 
following quotation from Maxwell as a 
help to clear up an inadequate definition 
of energy in a secondary school book in 
physics? are acquainted with mat- 
ter only as that which may have energy 
imparted to it from other matter, and 
which may in its turn communicate its 
energy to other matter. Energy, on the 
other hand, we know only as that which 
in all natural phenomena is continually 
passing from one portion of matter to 
another.’” What do you think of the 
following from an elementary English 
text-book? ‘‘The fundamental property 
of matter, which distinguishes it from the 
only other real thing in the universe, is 
inertia. * * * We are now in a position 
to give one or two provisional definitions 
of matter—provisional because we cannot 
yet say, possibly may never be able to say, 
what matter really is. It may be defined 
in terms of any of its distinctive charac- 
teristics. We may say that matter is that 


_which possesses inertia, or again since we 


have no knowledge of energy except in 
association with matter, we may assert that 
matter is the Vehicle of Energy.’’ I 
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wonder if any of you really doubt that 
every notion in physics, definite or indefi- 
nite, is associated with and derived from 
a physical operation, and that absolutely 
the only way to teach physics to young 
men is to direct their attention to that 
marvelous series of determining opera- 
tions which bring to light those one-to-one- 
correspondences which constitute the ab- 
stract facts of physical science. If you 
do, I am bound to say I do not think much 
of your knowledge or teaching of physics. 
I think that the sickliest notion of physies, 
even if a student gets it, is that it is ‘the 
science of masses, molecules and the ether.’ 
And I think that the healthiest notion, 
even if a student does not wholly get it, is 
that physics is the science of the ways of 
taking hold of bodies and pushing them! 
W. S. FRANKLIN. 


INCOMPLETE OBSERVATIONS.* 


In scientific literature many observations 
are recorded which, from the experimental 
proof offered, have been generally recog- 
nized as true, but which may be classed as 
incomplete, owing to the fact that the 
methods of investigation -employed de- 
stroyed conditions that were later found 
to exist, or that subsequent discoveries 
modified the conclusions reached at the time 
of the original investigation. 

As an illustration of this proposition the 
theories of aleoholiec fermentation may be 
cited. The members of Section C will 
readily recall the long and bitter contro- 
versy which was waged between the two 
great masters, Liebig and Pasteur, and 
their respective adherents as to the true 
cause of this phenomenon. 

It is interesting at this time, in the light 

* Address of the Chairman of Section C and 
Vice-President of the American Association for 


the Advancement of Science, read at the Washing- 
ton meeting, December 29, 1902. 


kill the living germs. 
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of recent observations, to compare the two 
opposing theories. 

According to Liebig alcoholic fermenta- 
tion is caused by the decomposition of 
complicated nitrogenous bodies designated 
by him as putrescible material, and the 
molecular disturbance thereby produced is 
imparted to the fermenticible substance, 
sugar, and breaks it up into simpler bodies, 
aleohol and carbon dioxide. ; 

The vitalistic theery, revived by Pas- 
teur and brought to general recognition by 
his masterly and convincing experiments, 
teaches that alcoholic fermentation takes. 
place only in the presence of a living micro- 
organism known as the yeast plant, and 
that the phenomenon of fermentation is 
intimately connected with the life process. 
of this organism. The most convincing 
proof in support of the vitalistic theory 
was furnished by Pasteur in his methods 
of preventing fermentation and allied 
phenomena by simply heating perishable 
bodies to a temperature high enough to 
In the case of 
acetic acid fermentation he showed that a 
temperature of 60° was sufficient to de- 
stroy the vinegar plant. At this tempera- 
ture, he argued, the nitrogenous bodies, 
which Liebig claimed as the actual fer- 
ments, would remain intact. In spite of 
this, however, he showed that further fer- 
mentation was completely arrested so long 
as living germs were excluded. 

Although the work of Pasteur was of 
the greatest importance to science and hu- 
manity, and his experimental evidence for 
the establishment of the vitalistic theory , 
of fermentation was of the highest order, . 
yet to the minds of many it was never en- 
tirely clear that the rival theory was com- . 
pletely overthrown. For a long time, how- 
ever, the vitalistic theory had clear sailing. 
But the observations which led to its adop- 
tion remained incomplete until a few years — 
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ago Buchner startled the scientific world 
by the announcement that he had produced 
alcoholic fermentation without the pres- 
ence of a single living germ. By simply 
mixing the extract, obtained by strong 
pressure from brewer’s yeast, containing 
nothing but dead organic matter, he caused 
a solution of grape sugar to ferment, and, 
in fact, much more rapidly than if the 
yeast itself had been employed. Not only 
this—Buchner showed, furthermore, that 
the activity of this extract was com- 
pletely destroyed at a temperature below 
that required to kill the yeast plant. This 
is the important point in Buchner’s obser- 
vations, because it was the failure to recog- 
nize this fact by Pasteur and his adherents 
that helped, more than anything else, to 
give the death blow to Liebig’s theory. 
It is true that Liebig at first did not regard 
his putrescible matter or ferments as a 
product of the ever-present organisms, and 
it is also true that in Buchner’s extract it 
is the enzyme of the yeast plant which 
produces the molecular disturbance that 
causes the grape sugar to break up into 
alcohol and carbon dioxide; yet it is grati- 
fying to all those who were students of the 
great master to learn that, in the main, 
his attitude toward the process of fermen- 
tation has been finally vindicated. 

It was the desire of the writer, to discuss 
on this occasion some subject related to 
that branch of chemistry with which he is 
at present identified, and for this purpose 
the investigations in regard to assimilation 
of free nitrogen by plants were selected for 
consideration, since this question belongs 
in the category of ‘incomplete observa- 
tions.’ 

The importance to agriculture of know- 
ing whether plants were capable of assimi- 


lating the free nitrogen of the air was 


impressed upon the minds of the early 
investigators of the subject of plant nutri- 
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tion, because if this element in the free 
state so liberally supplied by nature should 
be found to be available as plant food, then 
it would fall into the same class with car- 
bon, hydrogen and oxygen, which furnish 
the bulk of all vegetable matter, and about 
whose source the farmer need have no con- 
cern. In the early fifties the French 
chemist, Boussingault, conducted his mem- 
orable experiments with various kinds of 
plants in order to settle this question. His 
apparatus consisted of a large glass, one- 
necked globe, into which he introduced a 
sufficient quantity of soil freed from nitro- 
gen compounds by ignition. In this soil 
he planted a certain number of seeds, sup- 
plied a sufficient amount of water and then 
hermetically sealed into the neck of the 
globe a smaller one filled with carbon di- 
oxide. Under this arrangement the seeds 
were allowed to germinate and the plants 
to grow. After a period of several weeks 
the plants with their roots were carefully 
removed, dried, weighed and the nitrogen 
determined. He then determined the ni- 
trogen in a like number of seeds themselves 
and compared the results. Out of four- 
teen experiments with various kinds of 
plants, including the legumes, he found in 
eleven cases a minus quantity of nitrogen 
in the plants and in the other three a small 
plus quantity. The latter results, how- 
ever, he considered within the limits of 
errors of observation. His conclusion, 
therefore, was that the free nitrogen was 
not available plant food. | 
At the same time another French chem- 
ist, Ville, investigated this problem. His ex- 
periments were made on a somewhat larger- 
scale, his apparatus consisting of iron sash 
filled with glass. Ville uniformly found 
a marked increase in the content of nitro- 
gen of the plants over that of the seeds, 
and since nitrogen compounds had been 
excluded during the time of his experi- 
ments, he concluded that the source of 
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this increase was necessarily the free nitro- 
gen of the air. His objection to Boussin- 
gault’s conclusions was based upon the 
claim that, in the confined space in which 
the plants were forced to grow, their nat- 
ural development was hindered. 

Ville’s criticism led Boussingault to 
repeat his experiments. In order to 
meet the former’s objection to the limited 
amount of air in which the plants were 
forced to vegetate, he substituted a three- 
necked globe for the-one employed before. 
By using an aspirator the air in this globe 
eould be continually renewed, after pass- 
ing it through a series of Wolf’s bottles 
with the proper solutions te free it from 
nitrogen compounds. The results of this 
second series of experiments fully corrobo- 
rated his former conclusions. 

A committee appointed by the French 
Academy of Sciences to investigate the 
methods employed by Boussingault and 
Ville held that, in the latter’s experiments, 
the introduction of nitrogen compounds 
was not excluded, and, therefore, pro- 
nounced in favor of Boussingault. If any 
doubt had remained in regard to the cor- 
rectness of Boussingault’s conclusions it 
was dispelled a few years later by the 
labors of Laws, Gilbert and Pugh. These 
investigators repeated the experiments of 
Boussingault with expensive and improved 


apparatus. Their work was performed. 


with the greatest care and nicety, and their 
results fully vindicated Boussingault in 
the position he had taken. 

The experimental evidence thus pro- 
duced in favor of the proposition that the 
free nitrogen of the air was not available 
for vegetable growth was so clear and con- 
vineing that it was readily accepted by all, 
with the exception of one man. This man 
was George Ville, of France. 

During all the time in which this opinion 
prevailed, he alone remained firm in the 
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belief that his observations were true, and 
that plants could assimilate free nitrogen. 

That plants can not assimilate free nitro- 
gen directly was established by those early 
investigators without a doubt. On the 
other hand; it is now equally well estab- 
lished that free nitrogen does become avail- 
able as plant food and plays an pagertans 
part in vegetable production. 

Evidently, therefore, the early investi- 
gations must have been incomplete, and at 
this distant day it is not difficult to point 
out wherein they were defective. Bous- 
singault and Ville, as well as Laws, Gilbert 
and Pugh, regarded the soil as a mixture 
of mineral matter and humus. They had 
no conception of the fact that it was the 
home of a world of living microorganisms, 
which in a variety of ways are silently and 
incessantly active in the transformation of 
matter essential to vegetable growth. 
Hence it is but natural that, in preparation 
of soil free from nitrogen compounds of 
all kinds, they should, what any chemist 
under like conditions would do, subject 
their soil to an intense heat. 

Notwithstanding the prominence of 
these investigators and the general recog- 
nition accorded to their conclusions, fur- 
ther work in this connection was at most 
only retarded but not entirely abandoned. 
Facts known at that time, and new ob- 
servations gradually made in studying the 
soil in all of its phases, began to point in 
the opposite direction. 

With the discovery of Berthelot, that the 
fixation of free nitrogen took place through 
the instrumentality of silent electrical dis- 
charges in the soil, were associated the 
manifold effects upon matter, shown to be 
due to the action of bacterial life. These 
latter discoveries may be divided into two 


groups: 
1. Those showing the independent action 
of bacteria in the soil in causing fermenta- 
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tion, nitrification, denitrification and fixa- 
tion of free nitrogen. 

2. Those showing the fixation of free 
nitrogen by microbes in symbiotic relation 
to higher plants. 

The first group of observations including 
the fixation of free nitrogen in the soil as 
pointed out by Berthelot and others is of 
great importance to agriculture, but the 
amount of available nitrogenous plant food 
produced by the various processes dis- 
covered is not sufficient for the demands 
of intensive farming. The truth of this 
statement can be inferred from the fact 
that, in addition to the enormous amount 
of nitrogenous material obtained from 
domestic and industrial sources, as well as 
from the extensive deposits of guano, there 
are, at the present time, about one million 
tons of Chili saltpeter employed annually 
by farmers the world over to maintain 
partially the fertility of their fields. 

The second group of observations are of 
greater interest to agriculture, since they 
point out the way of securing from the 
free nitrogen of the air an ample amount 
of combined nitrogen to meet all the re- 
quirements of intensive farming. They 
make the farmer independent of the nat- 
ural deposits of nitrogenous fertilizers, 
and furnish him the means of preventing 
his helplessness, in ease these sources of 
plant food should become exhausted or 
otherwise unavailable. 

From the time of the ancients down to 
the present day the legumes, especially the 
clovers, have occupied a unique position 
among agricultural crops. The beneficial 
effects of a crop of clover upon subsequent 
grain crops was a matter of practical ex- 
perience in ancient and medieval times, 
and this empirical knowledge was applied 


more or less in the practice of agriculture — 


during those periods, as well as in modern 
times. When the science of chemistry be- 
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gan to shed light upon the production of 
vegetable matter, and showed the relation 
which plants, soil and air bore to each 
other, and especially that certain elements 
contained in the soil and air were essential 
to vegetable growth, the peculiar properties 
of the legumes received early attention. It 
was soon learned that the leguminous 
plants were preeminently nitrogen-gath- 
erers. Having accepted the conclusions of 
Boussingault in regard to free nitrogen as 
true, the teachers of agricultural chemistry 
were forced to explain this property of the 
leguminous plants in various ways. Be- 
sides the empirical observations, already 
alluded to, many comparative experiments 


were made which showed the beneficial 


effects of legumes on subsequent grain 
crops. As an example the experiment of 
von Wulffen may be cited. One half of a 
certain field was allowed to remain in bare 
fallow, while the other half was sown to 
yellow lupines. After the lupines had 
fully developed the whole field was-plowed 
and sown to rye. The yield of the two 
halves was determined separately with the 
following results: 


Grain. Straw. 
After lupines............. 532.5 Ib 1,072 tb 
After bare fallow......... 322 th 656.5 Ib 


Here was a total increase in grain and 
straw of 626 pounds on that half of the 
field which had been sown to lupines, while 
nothing from without had been added to 
it except sixty pounds of lupine seed. The 
results of this experiment aiso show, what 
was claimed above, that the independent, 
bacterial activity of the bare fallow fell 
far short of producing sufficient available 
plant food for a full crop of rye. 

In seeking an explanation for this effect 
of the legumes, Boussingault determined 
the amount of refuse, i. e., stubble and 
roots, left in the soil by various crops. For 
this purpose he had the roots, etc., collected 
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from measured plots of fields from which 
the crops had been harvested. His re- 
sults are given in kilos per hectare and 


refer to dry matter. The nitrogen of the 


refuse was also determined. His figures 
are given in the following table: 


Nitrogen of 
Crop. Refuse. Refuse. 
Wheat 1,002 518 2.1 
1,608 650 2.6 


If it be considered that the essential ash 
ingredients of plant food are equally high 
in the clover refuse, it will be seen that the 
manurial value of the clover refuse is out 
of all proportion to that of the two cereals,- 
and consequently that clover must be a 
better forerunner for a grain crop than a 
grain crop itself. But Boussingault did 
not stop here. He also collected the refuse 
matter, roots and leaves from a crop of 
mangolds, and found that not only the dry 
matter, but also the nitrogen contained 
therein, was in excess of that of the clover. 
Here was a dilemma; for it was well known 
that, compared to legumes, root crops were 
poor forerunners for grain crops. The 
explanation for this apparent contradic- 
tion was found in extensive experiments 
made at Rothamstead. Laws and Gilbert 
raised root crops on the same field for 
years in succession without the application 
of manures, and found that they rapidly 
exhausted the surface soil. On the other 


hand, they showed that with clover, even 


after the removal of a highly nitrogenous 
crop, the soil was left richer in nitrogen 
than it was before. It is but fair to state 
in this connection that other investigators 
found much larger yields with clover than 
Boussingault. Thus, to take the other ex- 
treme, Heiden obtained from measured 
plots of clover, after it had become fully 
ripe, and by removing the whole aerial 
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portion of the crop, the following results, 
expressed in kilos per hectare: 


Aerial Portion. Roots. 
Dry matter............ 14,548 > 8,469.6 
Nitrogen ............. 381.5 275.3 


Laws and Gilbert, Heiden, and in fact 
all who investigated this subject explained 
this large accumulation of nitrogen prin- 
cipally by the assumption that clover, on 
account of its deep roots, had the power, 
in a marked degree, of obtaining a large 
portion of its food from the subsoil and 
bringing it to the surface. Furthermore, 
it was assumed that on account of the great 
leaf surface of clover, its more succulent 
nature and its longer period of growth, it 
was capable of collecting more ammonia 
from the air than was the case with grasses 
and cereals. Another peculiarity which 
the legumes were thought to possess was 
their ability to assimilate, in a higher de- 
gree than other crops, the reserve nitrogen 
of the soil. This assumption would ex- 


plain, of course, why these plants should 


make a luxuriant growth on soils on which, 
for lack of available nitrogen, other crops 
failed to make a good stand, but it would 
not throw any light upon the fact, estab- 
lished by general observation, that the 
total fixed nitrogen of the soil was so ma- 
terially inereased. 

It may be truthfully said that all these 
explanations taken together were not en- 
tirely satisfactory to those who were en- 
gaged in the teaching of agricultural chem- 
istry, but, in short, this was the status of 
the nitrogen question for a generation or 
more, when Hellriegel announced before 
the section of agricultural chemists of the 
terman Association of Men of Science and 
Physicians, at their meeting in 1886, that 
the leguminous plants could assimilate the 
free nitrogen of the air, and that this as- 
similation was intimately connected with 
the nodules appearing upon the roots of 
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these plants. The hearty applause with 
which this announcement was received at 
the meeting, and the widespread and spon- 
taneous interest which it awakened all over 
the world, showed that it came as a relief 
to agricultural chemists and: vegetable 
physiologists in general. The. report of 
Hellriegel was based upon observations 
and experiments made during the four 
preceding years. He had been appointed 
jointly with Wilfarth as referee on the 
subject of nitrogen assimilation by plants. 
The experiments were made in pots con- 
taining four kilos of recently ignited sand, 
to which the proper amount of mineral 
plant food, free from combined nitrogen, 
had been added. The main points estab- 
lished were as follows: 

1. When no combined nitrogen was 
added to the artificial soil the acquisition 
of nitrogen over that contained in the 
seeds was naught. This was true for all 
kinds of plants, including the legumes. 

.2. The development of all kinds of plants 
and the acquisition of nitrogen were in 
direct proportion to the amount of com- 
bined nitrogen added. 

3. When a small quantity of natural soil, 
or of an aqueous infusion of such soil, was 
added to the contents of the pots and no 
other combined nitrogen introduced, the 
graminaceous plants, as well as some other 
families of plants, died of nitrogen starva- 
tion and their acquisition of nitrogen was 
naught. 

4. Under the same conditions the legu- 
minous plants, after a period of nitrogen 
starvation, began to recuperate, the foliage 
returned to its normal green color, and the 
plants continued to grow, in some cases 
vigorously, to complete maturity, and ac- 
quired all the nitrogen necessary for this 
development. 

5. The graminaceous plants are depend- 
ent upon the combined nitrogen of the soil 
for their development. 
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6. The legumes are independent of the 
combined nitrogen of the soil and can ac- 
quire all the nitrogen for their. complete 
development from the air, and, further- 
more, not from the small quantity of com- 
bined nitrogen contained in the air, but 
from the free nitrogen. 

7. Whenever, under these conditions, the 
legumes acquired nitrogen, this acquisition 
was invariably accompanied with the ap- 
pearance of tubercles on their roots. 

8. Sterilization of the natural soil or of 
the soil infusion destroys its effect. 

A year later, 1887, Wilfarth made a 
further report on this subject. In one 
experiment made by Hellriegel and . Wil- 
farth the classical method of Boussingault 
was employed. They placed into a large 
glass globe four kilos of ignited sand, 
mixed with sufficient water and the neces- 
sary mineral constituents of plant food 
free from nitrogen compounds. They also 
added a small quantity, an aqueous in- 
fusion, of a soil in which peas had been 
previously grown. In the artificial soil 
thus prepared they planted a pea, a grain 
of oats and a buckwheat seed. The globe 
was hermetically sealed with a ground- 
glass stopper and the necessary carbon 
dioxide for the growth of the plants was 
introduced from time to time. The oat 
and buckwheat plants grew only till the 
seeds had become exhausted, and acquired 
no nitrogen in excess of that contained in 
the seeds. On the other hand, the pea 
plant made a vigorous and normal growth 
and was still growing, when the report was 
made. A large part of this plant had been 
removed and was found to contain 6.55 
grams of dry matter and 0.137 gram of 
nitrogen. 

This interesting experiment not only cor- 


_ roborates the claims of these investigators, 


but it completes the original experiment 
of Boussingault, in that it restores the con- 
dition of natural soils, which he had de- 
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stroyed, by his method of removing fixed 
nitrogen. In this connection it is of in- 
terest to refer again to the position on the 
nitrogen question occupied alone by Ville. 
It ean readily be understood that, in the 
large apparatus employed by this investi- 
gator, the chances for complete steriliza- 
tion were very remote, especially since no 
particular attention was paid to this point. 
Microbes from the soil could easily have 
found their way into his large case through 
dust or otherwise, and in the presence of 
organic matter arising from the seeds and 
the roots of the plants, could, in a short 
time, become active in fixing the free ni- 
trogen of the air. The contention of Ville 
that, in his experiments, free nitrogen of 
the air was assimilated by plants may, 
therefore, have been sound. 

But to return to the line of thought 
broken by this digression, Wilfarth re- 
ported some important gains in nitrogen 
by lupines grown in pots with four kilos 
of nitrogen-free sand on addition of a 
measured quantity of soil infusion con- 
taining not more than seven tenths of a 
milligram of fixed nitrogen. The yields 
are as follows: 

WitnH Sor INFuUSsION: 

No. 3. 44.73 grms. dry matter with 1.099 grms. 
nitrogen. 

No. 4. 45.62 grms. dry matter with 1.156 grms. 
nitrogen. 

No. 5. 44.48 grms. dry matter with 1.194 grms. 
nitrogen. 

No. 6. 42.45 grms. dry matter with 1.337 grms. 
nitrogen. 

WitHovut Sor INFUSION: 

No. 9. 0.918 grms. dry matter with 0.0146 
grms. nitrogen. 

No. 10. 0.800 grms. dry matter with 0.0136 
grms. nitrogen. 

No. 1]. 0.921 grms. dry matter with 0.0132 
grms. nitrogen. 

No. 12. 1.021 grms. dry matter with 0.0133 
grms. nitrogen. 


By the sole employment of a small quan- 
tity of soil infusion containing an infin- 
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itesimal amount of combined nitrogen, in 
pots holding about eight pounds of sand, 
the plants made an average gain in dry 
matter of 42.9 grams, and in nitrogen of 
1.18 grams over the same kind of plants 
grown under the same conditions without 
this addition. This remarkable result was 
surely worthy of the general interest which 
its publication evoked. : 

Numerous experimenters all over the 
world at once began to pay attention to the 
little tubercles, and they were investigated 
from all points of view. Their morphol- 
ogy was studied by Frank, Laurent and 
others. For this purpose Frank, as well 
as Laurent, grew plants partly in water 
culture with the production of root tu- 
bercles. Since their labors belong to the 
domain of biology this simple reference to 
them here will suffice. 

The results of all investigations from a 
chemical standpoint verified the conclu- 
sions reached by Hellriegel and Wilfarth. 
But, in addition to this, a great many new 
facts bearing upon this subject were ob- 
tained. Bréal analyzed the nodules of 
various legumes and found that the con- 
tent of nitrogen in the dry matter varied 
from three to seven per cent., and was 
higher than that of any other part of the 
plants excepting the seeds. This fact is 
significant. 

Bréal also obtained results similar to 
those of Hellriegel and Wilfarth by ger- 
minating peas between moistened filter 
papers, inoculating the roots, after they 
had attained the length of a few centi- 
meters, with a needle which had been 
*plunged into a tubercle, and then growing 
the plants in nitrogen-free sand containing 
the necessary mineral ingredients of plant 
food. 

This investigator also grew peas in 
water culture. After germinating seeds 
between moistened filter papers as before, 
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and after the roots had attained a length 
of three or four centimeters he inoculated 
them with a needle which had been inserted 
into a tubercle of alfalfa, and placed two 
of the young plants in a culture jar, which 
contained a nutrient solution free from 
combined nitrogen. The peas grew regu- 
larly so long as they found nourishment 
in the cotyledons. Then a period of nitro- 
gen starvation set in, after which the 
plants recuperated and-grew to maturity 
with the production of fruit. The period 
of vegetation extended from April 2 to 
June 10. At the latter date the roots con- 
tained numerous tubercles. The stalks 
and roots were separated, dried at 110° C. 
and weighed. The nitrogen of both por- 
tions was determined, as was also the 
weight and nitrogen of two seeds similar 
to those used in the culture experiments. 
The following table gives the results: 


Dry Matter, Nitrogen, | Nitrogen, 


Grams. PerCent. | Total. 
3.785 2 35 | 0.089 
1.1665 | 260 | 0.030 
4.95 | «0.119 
0.502 3 60 0.018 
| 4448 | 0.101 


The table shows that the plants con- 
tained ten times as much organic matter 
and six and six tenths times as much nitro- 
gen as the seeds from which they were de- 
rived; also that the percentage of nitrogen 
of the roots was greater than that of the 
aerial portion. Now when it is considered 
that, in this experiment, there was no 
nitrogen compound of any kind present, 
except the infinitesimal quantity intro- 
duced by puncturing the roots with the 
needle, and that in two small plants there 
was a gain of 101 milligrams of combined 
nitrogen, the claim for the assimilation of 
free nitrogen must be regarded as estab- 
lished. 


(N.S. Vou. XVIL. No. 418. 


The order of leguminous plants, there- 
fore, occupies a unique position in the art 
of agriculture. The experimental evi- 
dence herein submitted shows conclusively 
why leguminous crops have for ages been 
recognized as being of special value in 
maintaining soil fertility, and the discus- 
sion of this subject points to the fact that, 
in many walks and practices of life, em- 
piricism has been in advance of science. 


Henry A. WEBER. 
Oxnto State UNIVERSITY. 
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Glacwal Formations and Drainage Features 
of the Erie and Ohio Basins. By Frank 
Leverett. U. S. Geol. Survey, Monograph 
XLI Washington. 1902. Pp. 802; 26 
pl. (maps, sections and views from photo- 
graphs), and 8 figures in the text. $1.75. 
Ohio is the central area described in this 

report, and it also includes parts of each of 

the adjoining states and of the Canadian 
province of Ontario. The great importance 
and interest of the glacial history of this 
region, early studied by Whittlesey, New- 
berry, Orton, Gilbert and N. H. Winchell, 
and later by Spencer, I. C. White, Wright, 

Claypole, Chamberlin, F. B. Taylor and many 

others, is indicated by' about five hundred 

papers cited in a bibliography of twenty pages. 
Mr. Leverett enumerates eleven epochs or 

stages of the glacial period, as follows: (1) 

The oldest recognized glaciation, called the 

sub-Aftonian by Chamberlin, perhaps the 

same as the Albertan of Dawson; (2) the 

Aftonian interval of recession of the ice 

sheet; (3) the Kansan stage of glacial read- 

vance; (4) the second or Yarmouth interval 

of recession; (5) the Illinoian readvance; (6) 

the third or Sangamon recession; (7) the 

Iowan readvance, with the principal time of 

deposition of the loess; (8) the fourth or 

Peorian recession; (9) the early Wisconsin 

stage of readvance, with the formation of 

four successive systems of marginal moraines 
during the early part of the ensuing reces- 
sion; (10) the fifth interval of glacial retreat, 
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with important changes in the outlines and 
relations of the ice lobes; and (11) the late 
Wisconsin stage of mainly continued retreat, 
with ten, substages of halt or slight readvance, 
marked by a series of that number of marginal 
moraines and changes of the glacial lakes that 
finally occupied the Erie and Ontario basins. 
The chief part of the region is covered by the 
Late Wisconsin drift and its moraines, which 
in eastern Ohio extend to the boundary of the 
glacial drift. 

Chapter IIL. filling a sixth part of the 
volume, treats of the drainage systems, noting 
in much detail the evidences of great modifi- 
cations of the preglacial water courses. It is 
shown that before the ice age probably the 
upper and middle parts of the present Alle- 
gheny River were separately tributary to the 
stream then flowing along the present bed of 
Lake Erie; that the lower Allegheny and the 
Monongahela, with the upper Ohio River in 
Pennsylvania, flowed also north to the old 
River Erie by the valley of the Grand River; 
and that many other changes from the ancient 
courses of drainage also took place during the 
glacial period along the Ohio River, thence 
down to Cincinnati, where the ice sheet at 
its stage of farthest advance reached across 
that valley into the edge of Kentucky. 

Descriptions of the various drift forma- 
tions, and especially of the moraines, occupy 
the greater part of this monograph, which is 
the second of a series giving the results of 
Mr. Leverett’s extensive field work. The first 
was published three years ago, entitled ‘ The 
Illinois Glacial Lobe,’ and he has another in 
preparation, to treat similarly of the glacial 
and lacustrine geology of Michigan. His 
elaborate studies of the ice age in this region 
of the great Laurentian lakes, abounding with 
very instructive records of the oscillations 
and wavering departure of the continental ice 
sheet, and comprising at last a complex his- 
tory of many small and large ice-dammed 
lakes, should be of much value as a basis of 
text-books for the schools and colleges of 
these states. 

As soon as the recession of the ice sheet 
caused it to be a barrier on the northeast- 
wardly sloping Erie basin, the water im- 
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pounded there spread out as a lake, with out- 
let past Fort Wayne to the Wabash River. 
Its earliest stage is named Lake Maumee; a 
later stage, when a lower outlet was uncov- 
ered by the glacial retreat, past Ubly, in. 
Michigan, is called Lake Whittlesey; and the 
still later and most extended stage of this 
body of water, reaching then into the Huron 
basin and outflowing, as Lake Whittlesey had 
done, to Lake Chicago in the southern part 
of the basin of Lake Michigan, retains the 
name Lake Warren, which was proposed by 
Spencer. The shores of these glacial lakes, 
marked by beach ridges of gravel and sand, 
have been traced from Fort Wayne east 
through Ohio, along the Erie shore of Penn- 
sylvania, and to the Finger Lakes and beyond 
in central New York, where Fairchild has. 
identified the routes of later eastern discharge 
by which Lake Warren was finally drawn 
away to the Mohawk and Hudson, being suc- 
ceeded by the glacial lakes Algonquin and 
Iroquois in the Huron and Ontario basins. 

While the ice sheet was melting away, the: 
land on which it had lain was uplifted from 
a depression, so that the shore lines of the 
glacial lakes now have, along great portions 


of their extent, an ascent to the north and 


northeast, varying from a few inches per mile 
to a foot or more, and in some districts, 
notably east of Lake Ontario, even as much 
as five feet per mile. At the end of the Iowan 
stage of glacial advance, the deposition of 
loess in the Missouri and Mississippi valleys,. 
and of a closely analogous silt formation in 
the Ohio valley, as described in this report, 
gives evidence of a depression of these regions. 
probably several hundred feet below their 
present height. Before the accumulation of 
the moraines in the Wisconsin stages of gen- 
eral glacial recession, the greater part of the 
Mississippi and Ohio basins, and the southern 
part of the basins of lakes Michigan and Erie, 
had been reelevated to nearly the same alti- 
tude that they have since maintained with. 
only slight changes. But after the moraines 
were formed, and during the existence of the 
great glacial lakes on the northern borders of 
the United States, much of their areas yet 
remained depressed, as is known by the in- 
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clination of the originally level shores of 
these lakes. 

The latest completed geologic period, when 
an ice sheet covered the northern half of our 
continent, is being very satisfactorily investi- 
gated, both in the United States and Canada. 
As in an earlier monograph of this series, on 
the glacial Lake Agassiz, it will be an ad- 
vantage to the geological surveys of each 
country that these detailed explorations about 
the Great Lakes be extended to give such full 
description and discussion of the ancient 
larger lake areas, with their shore lines and 
relations to the waning ice sheet, on both 


sides of the international boundary. 
Wareen 


SCIENTIFIC JOURNALS AND ARTICLES. 

Bird Lore for November—December contains 
articles ‘On Journal Keeping,’ by Ernest 
Thompson Seton; ‘ Flamingoes’ Nests,’ illus- 
trated, by Frank M. Chapman; ‘ The Weapons 
of Birds,’ by F. A. Lucas; and ‘ Whiskey John 
in Colorado,’ by E. R. Warren. The seventh 
paper on ‘How to Name the Birds’ is de- 
voted to the Sylviide and Turdide and the 
first paper on ‘ How to Study Birds’ are both 
by Frank M. Chapman. There is the first 
of a series of portraits of Bird Lore’s advisory 
councilors depicting Messrs. William Dutcher, 
T. Gilbert Pearson, Lynds Jones and C. W. 
Nelson, and the usual notes, reviews and re- 
ports of societies. 


The Museums Journal of Great Britain for 
November has an article on museum matters 
presented at the Belfast meeting of the Brit- 
ish Association, and description of a dust- 
proof air inlet for museum cases, a feature 
entirely too much neglected in the construc- 
tion of cases. F. A. Bather discusses 
‘Names on the Labels in Public Galleries,’ 
in which he touches on the difficulties of pro- 
viding so-called common names for objects 
and intimates that scientific names are much 
more generally understood than is often sup- 
posed. This article should be widely read. 
There is an interesting series of notes con- 
cerning museums in various parts of the 
world. 
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Tue American Museum Journal for De- 
cember gives a summarized account of the 
proceedings of the Thirteenth International 
Congress of Americanists, a review of the 
recent work of the museum, and a list of 
the December lectures. The number con- 
tains the index for Volume II. 


The Plant World for October contains 
‘ Extracts from the Note Book of a Naturalist 
on the Island of Guam,’ by W. E. Safford; 
‘A Study of the Island Flora of the Missis- 
sippi River near Sabula, Iowa,’ by T. J. and 
M. F. L. Fitzpatrick, and the second article 
on the ‘Origin of Plant Names,’ by Grace 
S. Niles. Among the shorter articles are 
the official announcements of the Wild Flower 
Preservation Society. 


SOCIETIES AND ACADEMIES. 
PHILOSOPHICAL SOCIETY OF WASHINGTON. 


Tue 558th regular meeting was held No- 
vember 22, 1902. 

Dr. H. Carrington Bolton presented a papor 
on ‘ Science and Art under Rudolph II., 1570- 
1612,’ narrating many of his experiences with 
the astrologers and charlatans that he patron- 
ized so liberally, and pointing out the im- 
portant results that followed his support of 
Tycho Brahe and Kepler. 

Dr. A. F. A. King read ‘ Further Remerks 
on Sunlight, Malaria and Scoto-therapy,’ in 
which he reviewed his former paper (see 
Science, December 27, 1901, p. 1007), and in 
support of the blue fluorescence of quinine 
being its curative property, cited the facts 
that esculin and fraxin were also fluorescent 
and curative like quinine. The curative 
power of iodine was due to its producing the 
violet iodide of starch in the stomach. 

Dr. King recommended blue- or violet-col- 
ored clothing for armies in malarious regions, 
and purple tents instead of the white canvas 
now used. He suggested several experiments 
in scoto-therapy—keeping some patients in 
the dark or in rooms with purple or indigo 
window glass, and exposing others, nude, to 
brilliant sunshine—which were inexpensive 
and easily accomplished, and which, he hoped, 
those having opportunities would try, in order 
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to test the power of sunlight in promoting 
sporulation of malarial parasites in the blood. 

Dr. Peter Fireman then spoke on the ‘ De- 
duction of the Magnitude of Osmotic Pres- 
sure according to the Kinetic Theory. He 
held, first, that the mean kinetic energy of 
the molecules of a dissolved substance is the 
same as that of a gas at the same tempera- 
ture; and, second, that the number of impacts 
of the molecules of a dissolved substance per 
unit of time on unit area of any imaginary 
plane in the solution is the same as if the 
dissolved substance were in the gaseous state 
and confined in the same volume at the same 
temperature. Therefore, the laws governing 
osmotic pressure in solutions are identical 
with the laws of perfect gases, and follow 
directly from the kinetic theory. 


Tue 559th meeting was held December 6, 
1902. 

Announcement was made of the death of 
Mr. Henry Mitchell, a distinguished engineer, 
and of Mr. J. W. Osborne, a distinguished in- 
ventor in the art of photolithography, both 
members of the society. 


Professor Newcomb gave a brief account of | 


his visit to Christiania during the past sum- 
mer to attend the convention of mathema- 
ticians held in commemoration of the one- 
hundredth anniversary of Abel’s birth. 

The first regular paper was by Dr. O. D. 
Walcott on ‘The Development of the Car- 
negie Institution.’ He pointed out how its 
location in Washington is a case of natural 
development, tracing the growth of scientific 
organization in the city from the early days 
when this society stood alone, through the 
times when societies were multiplied, then 
through the unifying period of the Joint 
Committee and the Academy of Sciences, out 
of which came the Washington Memorial 
Association; by this last-named body plans 
for research were formulated clearly enough 
to attract Mr. Carnegie’s attention. His 
$10,000,000 endowment of the new institu- 
tion is familiar to all. The trustees of this 
body appointed 16 advisory committees, in- 
cluding 46 members; their reports on projects 
submitted to them, filling over 200 printed 
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pages, were presented confidentially to the 
trustees at theyr recent meeting, together with 
other reports; portions of these will be made 
public early next year. Statements were made 
regarding the principles adopted for making 
grants, both of exclusion and of inclusion; 
special emphasis is laid on the selection of 
the man who is to be responsible for any 
specific research, since vague or general ap- 
propriations are nct favored. 

Dr. H. W. Wiley, of the Department of 
Agriculture, in view of the popular interest 
in his diet investigations, discussed ‘ How to 
Test the Harmfulness of Food Preservatives,’ 
if they are harmful, as alleged. He called 
attention to the enormous industrial impor- 
tance of the subject, the difficulty of obtain- 
ing reliable data, and the danger of complica- 
tions with foreign countries over our food 
exports. The older methods of preservation 
were: Desiccation, resulting in a tasteless — 
product; sterilization by heat, often imper- 
fect, and cold storage. The cold storage 
plants of the country are worth $100,000,000 
and contain constantly food supplies of an 
equal value. Cheapest of all methods is the 
use of chemicals. The effect of these may 


be tested, chemically by artificial digestion, 
- by experiments on the lower animals, or by 


experiments on man. Under an appropria- 
tion from Congress the speaker is beginning 
experiments on twelve volunteers, whose food 
supply and excreta will be fully analyzed to 
determine the effect, if any, of the usual pre- 
servatives. Various details of the direct and 
the control experiments were given. 
Cuarutes K. Weap, 
Secretary. 


GEOLOGICAL SOCIETY OF WASHINGTON. 

THE 134th meeting was held December 10, 
1902. The following papers were presented: 

‘A Carboniferous Section in the Upper 
Copper River Valley, Alaska,’ by W. O. Men- 
denhall. 

Mr. Mendenhall presented some of the de- 
tails of a section of 7,000 or 8,000 feet of 
Upper Carboniferous strata, measured during 
the past summer among the foothills of the 
Alaskan Range, in the northern part of the 
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Copper River basin. The paper closed with 


a summary of the known Alaskan occurrences - 


of the Carboniferous. 

‘Occurrence of Paleozoic Rocks in the 
Southern Portion of the Great Basin Region,’ 
by ©. B. Weeks. 

Mr. Weeks said in part, the Paleozoic sedi- 
mentary series in this region extends from 
the Pre-Cambrian to the Permian, or possibly 
the Trias. The granites and allied rocks of 
the Grand Canyon section, and of southeast- 
ern California extending into the Sierra 
Nevada, comprise the basement complex. 
The Pre-Cambrian consists of quartzites and 
schists of undetermined thickness. These 
are conformably overlain by the Cambrian 
strata of alternating beds of quartzite, shale 
and limestone, which attain a thickness of 
10,000 feet or more. The Silurian is repre- 
sented by two great masses of limestone with 
several hundred feet of quartzite between 
them. The series is very similar to that de- 
scribed by Hague at Eureka, and the impor- 
tant unconformity between the quartzite and 
the overlying limestone noted at Eureka also 
occurs in the Panamint and Grapevine ranges. 
The Devonian limestone is exposed in the 
ranges directly east of the Grapevine range, 
and also forms a considerable portion of the 
Desert range. The Carboniferous limestones 
are exposed in the Inyo and Darwin ranges 
and form a large part of the Charleston 
mountains. The section in the latter range 
consists of Lower Carboniferous limestones, 
ed sandstones and shales and an Upper Car- 
boniferous limestone. Above these are other 
limestones containing a Permian or possibly 
a Triassic fauna. The data relating to the 
‘Charleston range were obtained by R. B. Rowe, 
who was engaged in a study of the geology of 

this region for some months prior to his death 
in 1902. Between the Cambrian and the Or- 
-dovician in the Great Basin region there ap- 
pears to be heavy faulting in some sections, 
and in others a thrusting of the Ordovician 
upon the underlying Cambrian beds. Prior 
‘to the Carboniferous there was an erosion in- 
terval and an overlapping of the Carbonifer- 
ous upon the Devonian and probably the 
Silurian. King’s conclusion that there are 
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40,000 feet of conformable Paleozoic strata 
in the Great Basin region has not been con- 
firmed by recent studies. The structure of 
the Basin ranges is believed to be the result 
of crustal movements of uplift and subsi- 
dence accompanied by faulting, thrusting and 
erosion at different stages of Paleozoic time, 
orographic forms having been modified by 
erosion and subsequent earth movements dur- 
ing the long interval from the Permian to the 
present. 

‘The Horseheads Outlet of the Glacial 
Lakes of Central New York,’ by M. L. Fuller. 

Mr. Fuller described the nearly uniform 
maximum altitude attained by the crests of 
the drift deposits of the valleys both to the 
north and to the west of Horseheads, and 
classed them with morainal terraces rather 
than with true moraines. The uniform altitude, 
together with the presence at several points of 
notches cut to approximately the same level 
across the projecting rock points by streams 
flowing along the sides of the ice tongues 
occupying the lower portion of the valleys, 
was considered as evidence of a local body of 
standing water reaching to a height of about 
100 feet above the present streams at Horse- 
heads. The terraced character of the outlet 
at Horseheads was also described, and the 
opinion expressed that the broader terrace is 
an erosional and not a constructional (flood- 
plain) feature, and that it represents the out- 
let of Lake Newberry at its principal stage. 
The lower and smaller channel, which is nar- 
rower than many of the channels cut by the 
small streams now existing, is considered as 
marking the final stage of the outlet when 
part of the escaping waters of the lake were, 
as the ice retreated, beginning to escape at 
other outlets located, it seems most probable, 
ata point some distance to the east. 

Aurrep H. Brooxs, 
Secretary. 


TORREY BOTANICAL CLUB. 

At a meeting of the club on November 11, 
1902, the scientific program consisted of a 
paper by Dr. L. M. Underwood on ‘The Gold 
and Silver Ferns.’ Dr. Underwood said that 
characters based upon position and form of 
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sori and indusia have perhaps been empha- 
sized too much in classification; in some 
species the indusium may be developed or 
may be wanting on the same plant. There 
is now a tendency to return to the recogni- 
tion of the fibro-vascular system as an ele- 
ment in classifying ferns. Mainly free- 
veined ferns occur in Devonian and Carbon- 
iferous remains. Anastomosing veins seem to 
have developed later; and even now they form 
the predominant feature in but two of the 
ferns of our northern states, Onoclea sensibilis 
and Woodwardia areolata. The pinnate and 
flabellate types of venation are very distinct, 
but are connected in appearance by a modi- 
fication of the last type with successive alter- 
nation of its dichotomy forming a prolonged 
axis. The ferns known as gold and silver 
ferns were included in 1811 in the genus 
Gymnogramme. Some twenty genera have 
since been segregated from it, some of them 
on insufficient grounds. Many garden hy- 
brids and horticultural varieties have been 
developed. With the exception of a species 
in Madagasear, the group is confined to the 


tropics of America, where the species known 


as the silver fern is perhaps the most common 
fern known. The goldenback fern of Cali- 
fornia is perhaps most familiar to ordinary 
knowledge; its range is from Alaska to 
Lower California, but not eastward of the 
Sierras. In life it is of a bright golden 
yellow beneath (often replaced by silvery 
powder), a brilliant green above; in the dry 
season it coils up involutely, exposing only 
the under surface, which is covered by its 
peculiar golden waxy powder. 

This and other ferns of the arid region 
prevent too great transpirdtion of water by 
developing waxy or resinous powders, or by 
layers of wool or of scales. A Mexican spe- 
cies, Notholena aurantiaca, was exhibited, 
which combines two protections, powder and 
scales. The silver fern of our arid Southwest 
finally becomes almost chalky beneath; it be- 
comes coiled almost into a ball in the dry 
season. 

Discussion followed upon the true interpre- 
tation of the function of the waxy powder. 
Dr. C.:C. Ourtis deemed it to accomplish 


Charles E. Brewer in the chair. 
members and visitors were in attendance. 
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two purposes, that of plugging stomata and 
that of reflecting heat. Dr. Rusby recalled 
the suggestion made by Mr. Chas. F. Cox 
some years ago, to the effect that plant hairs 
carry on metabolism and aid nutrition. 

Dr. Rusby also described the appearance 
and habitats of several species which he had 
been familiar with in Bolivia and in our own 
Southwest; in the Rockies, where Notholena 
and Cheilanthes grow together from the same 
crevices of rock, they respond to rain with 
remarkable quickness. In the dry season 
when everything else is seemingly dead, if a 
rain should occur, their coiled fronds quickly 


become bright green and well expanded, 
though curled again into little balls in a few 


days if dry weather follows. 
Epwarp S. Bureess, 
Secretary. 


NORTH CAROLINA SECTION OF THE AMERICAN 

| CHEMICAL SOCIETY. 

Tue North Carolina Section held its fall 
meeting in the Office of State Chemist, Agri- 
cultural Building, Raleigh, N: C., on Satur- 
day, November 22, 1902, with presiding officer 


Hereafter all papers presented at the meet- 
ings will be required to be in abstract. Drs. 
A. S. Wheeler and G. S. Fraps were elected 
reviewers for the Section for the ensuing year. 
Their duties will be for each to prepare and 
present at some meeting during the year a 
paper giving briefly the advances recently 
made in some branch of chemistry. /his 
departure promises to be a valuable addition 
to the programs. The following papers were 
presented and discussed: 

‘Some New Double Sulphatesof Lanthanum, 
and on the Existence of Lanthanum Alums,’ 
by Charles Baskerville and E. G. Moss. 

* Lanthanates,’ by Chas. Baskerville and G. 
F. Catlett. 

The resemblance of lanthanum to aluminum 
was taken advantage of and the preparation 
of such bodies as the lanthanates and meta- 
lanthanates hitherto not reported, described. 
The new substances are sodium lanthanate 
(NaLaO,) and meta-lanthanates of sodium, 
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potassium, lithium and barium (M’H,La,O,,). 
Two methods were used—fusion of lanthanum 
oxide with alkaline carbonates, and prolonged 
digestion in a very concentrated solution of 
the alkaline hydroxides at 100° C. 

‘Studies in Nitrification,’ by G. S. Fraps. 

The nitrification of ammonium sulphate or 
eotton-seed meal in a soil under constant 
conditions is periodic, reaching a maximum 
and then decreasing, due probably to the varia- 
tion in the activity of the nitrifying organisms 
at different times. A sterilized soil, inoculated 
with different nitrifying soils, nitrifies cotton- 
seed meal and ammonium sulphate in different 
ratios, according to the soil used for inocula- 
tion, due to difference in the nitrifying organ- 
isms. A method is given for comparing the 
nitrifying power of two or more soils. 

‘Improved Method for Halogen Determina- 


tions in Atomic Weight Work,’ by Chas. 


Baskerville and R. O. E. Davis. 

The method reported was devised in the 
progress of the work on the redetermination 
of the atomic weight of thorium. The nu- 
merous precautions for the determination of 
chlorine were rehearsed, and attention directed 
to the deliquescence of thorium tetrachloride 
and the difficulty incident to complete elimina- 
tion of chlorine from the dioxidein obtaining 
the ratio between the halogen and oxygen 
compounds of that heavy metal. A series of 
twenty-five preliminary determinations was 
made of the solubility of silver chloride in 
pure alcohol, alcoholic solution of silver 
nitrate, and nitric acid of variable strengths 
at different temperatures with a time variant. 
All reagents were the so-called chemically 
pure. 

Elevation of temperature (50° ©. and 
above), excess silver nitrate (more than 
twenty per cent.), marked acidity (over three 
per cent.) and prolongation of time of reac- 
tion (fifteen minutes) were determined as 
factors causing a result too high by from .7 
to 4.3 per cent. (in exaggerated cases) when 
a standard sodium+chloride solution was pre- 
cipitated by a standard silver nitrate. This 
was due to the formation of aldehyde from 
oxidation of the alcohol by the nitric acid and 
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silver nitrate, with consequent precipitation of 
metallic silver with the silver chloride. Ex- 
perimental proof of this was given. 

A new series of six determinations, where 
all reagents were repurified, silver nitrate be- 
ing made from metal prepared by the method 
of Stas, was carried out. Results were ob- 
tained giving an error of from zero to .098 
per cent., hence it appears that the halogen 
may be determined accurately when an excess 
of silver nitrate is used (even to ten per 
cent.) the solution is slightly acid (nitric), 
the precipitation being caused at ordinary 
temperatures with vigorous stirring for five 
minutes in ethyl alcohol. Proper precau- 
tions as to purification of asbestos, using 
counterpoise crucibles, dark chamber for pre- 
cipitation and filtration, dark bath for dry- 
ing, ete. 

The use of alcohol appears to be new. 

‘Chlorides in Tobacco,’ by W. H. Pegram. 
The work set forth in this paper was designed 
and is being prosecuted for the purpose of 
ascertaining whether there is a relation be- 
tween the chlorides in tobacco and the 
chlorides in the fertilizer used in its produc- 
tion; also whether a high percentage of 
chlorides (as calcium and magnesium chlor- 
ides) affects the hygroscopic property of 
tobacco, giving abnormal and damaginy re- 
sults at certain stages of its preparation and 
manufacture. The data are insufficient as 
yet to justify a valid conclusion. 

‘Suggested Changes in the Law of Dulong 
and Petit,’ by J. E. Mills. Abstract has ap- 
peared in the proceedings of the Elisha Mitch- 
ell Scientific Society. (See Sormnoz, N. S. 
Vol. XVL, No. 414, p. 907.) 

‘ Neodymates,’ by Charles Baskerville and 
W. O. Heard. 

The following methods were used in efforts 
to prepare neodymates: Fusion with alkaline 
carbonates, alkaline earth carbonates and 
oxides, chlorides, digestion in concentrated 
alkaline hydroxide solutions, and fusion with 
sodium dioxide. Results not altogether satis- 
factory were obtained, with the surprising ex- 
ception of a barium compound, 


BaCO,-Ba(NdO,),5H,0. 
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‘ Artificial Plant Food Requirements of 
Soils,’ by B. W. Kilgore. (See ‘ Proceedings 
of the Fifteenth Annual Convention of the 
Association of American Colleges and Experi- 
ment Stations,’ pp. 73-75.) 

‘Methods for the Determination of Total 
Phosphoric Acid and Potash in Solids,’ by C. 
B. Williams. 

The method devised for the determination 
of total phosphoric acid in soils was simply, 
after igniting five grams of soil in a platinum 
dish, treat three times with hydrofluoric acid, 
evaporating to dryness each time, followed 
by fusion with ten grams of a mixture of 
equal parts of sodium and potassium car- 
bonate. The cake thus obtained, after cool- 
ing, was transferred to a beaker and digested 
with about 30 to 40 «ec. (1 to 1) hydrochloric 
acid, after which the solution was evaporated 
to dryness on a water-bath, being subsequently 
heated four or five hours in an air-bath, to 
110° C. to dehydrate the silica present. It was 
then taken up with dilute hydrochloric acid, 
filtered and washed. The filtrate and wash- 
ings thus obtained, after adding sufficient 
nitric acid to liberate all hydrochloric acid 
present, are placed together and reduced to a 
volume of about 40 ¢.c. by boiling. The excess 
of nitric acid is then neutralized with am- 
monia, and ten to twelve grams ammonium 
nitrate is added. After cooling, 30 c.c. re- 
cently filtered molybdic solution is added 
and the phosphoric acid is precipitated by 
shaking in a Wagner machine, and determined 
volumetrically (Jour. Am. Chem. Sc., Vol. 23, 
No. 1, pp. 8-12). 

Total potash is brought into solution by 
treating four grams of soil in a platinum dish 
on water-bath, after saturating with dilute (1 
to 1) sulphuric acid and igniting, with from 2 
to 3 ec. hydrofluoric acid for five times, add- 
ing 1 ec. dilute (1 to 1) sulphuric acid just 
before going to dryness the last time. After 
the last traces of hydrofluoric acid have been 
liberated the dish is removed from water-bath 


and heated gently over small flame until evo- 


lution of sulphur trioxide ceases. The soil 
is then taken up with 20 c.c. distilled water 
slightly acidified with hydrochloric acid, and 
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digested on water-bath until the solution has 
been reduced to about one third of its orginal 
volume, after which it is transferred to a 
200-c.c. graduated flask and heated on water- 
bath to near boiling, when ammonia and am- 
monium oxalate are added in sufficient quan- 
tity to precipitate all iron, alumina and lime 
present. After cooling, the volume is made 
up to 200 «c., and an aliquot corresponding 
to two grams is filtered off into a porcelain 
dish. From this point on the procedure is 
the same as that prescribed in the regular 
Lindo-Gladding method. 

There being no further business, the sec- 
tion adjourned, subject to the call of the 
Executive Committee. 

C. B. 
Secretary. 


DISCUSSION AND CORRESPONDENCE. 


PRESIDENT SCHURMAN ON THE EDUCATIONAL RE- 
QUIREMENTS FOR PROFESSIONAL STUDY. 


To THE Eprror or Science: In the issue of 
Scrence of November 21, on page 816, is pub- 
lished an excerpt from the annual report of 
President Schurman of Cornell University, 


containing statements bearing upon the ques- 


tion of collegiate work as a requirement for 
admission to professional schools. It is 
not my function to discuss or criticize the 
policy of the President of Cornell University. 
The report, however, contains several state- 
ments upon which comment seems necessary. 

“ At Cornell University at any rate [runs 
the report] the established policy is to admit 
students to any course who are able to pass 
the examinations qualifying them to pursue 
that course. And such preliminary tests, it 
is generally conceded by the members of the 
profession concerned, do not exceed the re- 
quirements for graduation at the best high 
schools.” 

I cannot speak for the lawyer, the engineer 
or the architect, but in the name of the pro- 
fession of medicine I beg in the most respect- 
ful manner to protest. With the mutter of 
culture-studies we need have no concern here. 
I believe it may be stated as an established 
fact that a proper education in modern 
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medicine can not be acquired upon the basis 
of a high-school preparation. For the ade- 
quate study of modern medicine collegiate 
training in physics, chemistry and biology is 
essential; to use an academic term, they are 
prerequisites. How much collegiate training 
in these branches is necessary is open to 
discussion; the most general opinion among 
teachers of medicine is that two years 
are sufficient. I beg to state that, in my 
opinion, the majority of the members of the 
medical profession of this country, as repre- 
sented in the recognized societies, do not be- 
lieve that the tests preliminary to medical 
education need not exceed the requirements 
for graduation at the best high schools. The 
teachers of medicine may be said to be almost 
unanimous in the belief that collegiate prep- 
aration in the sciences is necessary for the 
study of medicine. The majority of the high- 
grade medical schools have already either in- 
augurated or announced collegiate require- 
ments for admission; with other institutions 
the maintenance of the older system is purely 
a matter of present financial conditions and 
does not reflect the real policy. These changes 
have not been made in spite of the profession, 
but rather with the sympathy and support 
of the best elements in the profession. In 
any event, ought it not to be the function of 
the universities to lead and not to follow the 
professions ? 

There is a quite current confusion of two 
movements. One is the culture requirement 
for entrance upon professional study; the 
other is the training requirement. Knowl- 
edge of Greek literature, of esthetics, of 
political science, may be advantageous to the 
physician, but it is not essential to the study 
of medicine; knowledge of and training in 
physics, chemistry and biology of the collegiate 
type and quality are necessary for the proper 
study of medicine as it is taught to-day 
in our best institutions. Departments of 
medicine are requiring collegiate preparation; 
in a few instances it may be partly upon the 
basis of a veneration for general culture, in 
all instances from the realization of the direct 
necessity of that training in the natural sci- 
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ences which colleges alone are able to give. 
With this adjustment of the prerequisites in 
science deemed necessary to the study of 
medicine, the matter of democracy in educa- 
tional policy, alluded to by both President 
Schurman and President Hadley, has no 
concern. The science of medicine has devel- 
oped to such an extent that it can not be so 
mastered in four years following a high-school 
education as to adequately prepare the phy- 
sician for his duties in life. To extend this 
course, by prerequisite collegiate work, until 
it fulfills its obligations to the student and 
its duty to the public, can not be stigmatized 
as undemocratic. 
Atonzo ENGLEBERT TAYLOR. 
Tue UNIVERSITY OF CALIFORNIA, 
December 1, 1902. 


ILLEX ILLECEBROSUS (LESUEUR), THE ‘ SQUID 
FROM ONONDAGA LAKE, N. Y.’ 


THe specimen of squid, the capture of 
which in Onondaga Lake has been described 
by Dr. John M. Clarke in a previous num- 
ber of Scrence,* has been sent to the present 
writer for examination. It proves to belong 
to the well-known species of our northern 
Atlantic coast, the ‘cold water’ or ‘short- 
finned squid.’ The specimen has been com- 
pared with the description of Ommastrephes 
illecebrosus given by Verrill,t and with two 
well-preserved individuals (male and female) 
of this species from Provincetown, Mass., 
preserved in the collections of the Museum of 
Biology, J. C. Green School of Science, 
Princeton University. The result of this 
comparison is as follows: 

Total length of our specimen, from tip of 
tail to tip of third pair of sessile arms, up- 
ward of thirteen inches. Since the largest 
figure for this dimension given by Verrill is 
a little over fourteen inches, our individual 


* December 12, 1902, p. 947. 

+ Ommastrephes illecebrosus (Lesueur): Ver- 
rill, A. E., ‘North American Cephalopods,’ in 
Trans. Connect. Acad., Vol. 5, 1880, p. 268, pl. 28. 
According to the ‘Synopsis of Recent Cephalo- 
poda’ given by Hoyle, W. E., in ‘ Voy. Challenger 
Zool.,’ Vol. 16, 1886, p. 34, the name of this species 
stands now as Illex illecebrosus (Les.). 
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is to be regarded as full grown. Other di- 
mensions can not be taken on account of the 
distorted condition of the respective parts. 

Body and head somewhat contorted and 
out of shape. Skin largely mutilated and 
worn off. General form agreeing with that 
of this species. The same is true of the shape 
and size of the caudal] fin, which exhibits the 
characteristic outline. Details of head nor- 
mal. Opening of the lids of the eyes widely 
distended, irregularly circular, anterior sinus 
indistinct (this is apparently due to preserva- 
tion). | 

Sessile arms agreeing in size and shape 
with this species. All marginal membranes 
(outside of the suckers) very slightly devel- 
oped (or worn off), the dorsal and lateral 
folds of these arms indistinct, and this is 
especially true of the high median keel of the 
third arm, of which only traces are seen in 
our specimen. Owing to the slight develop- 
ment of these keels all the arms appear less 
angular and more rounded in cross section, 
although the typical shape is still indicated. 
Tentacular arms agreeing completely with 
this species, only the keel on the back side 
of the club is less strongly developed. Mar- 
ginal membranes of the suckers indistinct. 

No hectocotylization on the fourth sessile 
arms visible; thus our specimen seems to be 
a female. ; 

Arrangement, size and structure of suckers 
of the sessile as well as the tentacular arms 
agreeing perfectly with Verrill’s description 
and the specimens used for comparison; the 
only difference I see is that outside of the 
two rows of large suckers of the club of the 
tentacles there are only a few smaller ones; 
but these may in part have been torn off and 
lost. 

The buccal membrane agrees with this 
species. Color, yellowish-white, with purple 
chromatophores, but skin largely damaged, 
so that the usual color pattern is not visible; 
but the dark blotches above the eyes are well 
marked. The pen has not been taken out. 

To sum it up, our specimen agrees in all 
essentials with Jilex illecebrosus; the only dif- 
ferences observed, namely, the wide eye open- 
ing, the lack or slight development of the 
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marginal membranes and the keels of the 
arms, and the absence of some suckers on the 
tentacles, are no doubt due to preservation 
and rough handling. That the latter has 
taken place is shown by the general abrasion 
of the skin, and the fact that a large number 
of the suckers have lost their horn rings or 
are entirely torn off. Similar mutilations 
and changes are very often observed in iil- 
preserved cephalopods. Therefore, I arrive 
at the conclusion that the present individual 
is in no wise different from Jilex illecebrosus 
of our northeastern coasts.* 

As to the alleged capture of this species in 
Onondaga Lake, I can only refer to what Dr. 
J. M. Clarke says (i. c.), and if it is a fact 
that this species lives in this lake, the only 
explanation is, as suggested, by a former, 
post-glacial connection of this lake with the 
St. Lawrence Gulf. But I am loath to be- 
lieve that this species lives in Onondaga Lake. 
In this connection I venture only one single 
suggestion: this squid is largely used for 
bait, and the capture of squid forms a regular 
trade on our northeastern coasts. Could it 
not be possible that somebody has secured by 
purchase a barrel of squids, to be used as bait 
at the locality where our specimen was found? 
A. E. OrtTMann. 

PRINCETON UNIVERSITY, 
December 12, 1902. 


KALLIMA BUTTERFLIES. 


To tHe Eprror or Scrence: Dr. Bashford 
Dean wiil find some interesting remarks on 
the mimicry by this butterfly, and some criti- 
cisms of museum representations of it, in an 
interesting article by E H A ‘On the Influ- 
ence of Mind in Evolution,’ Natural Science, 
Vol. IX., pp. 297-802, November, 1896. The 
main point as regards museums made by this 
competent observer is that he never saw a 
Kallima sitting with its apparent stalk to- 
wards the twig of a tree. On the contrary, 
it ‘always alights head downwards, so as to 
face anything coming up the tree, which is 

*This species is abundant from Cape Cod to 
Newfoundland. Rarely it is found to the south 


of this range (Vineyard Sound and coast of 
Rhode Island). 


5 
q 
ij 
4 
‘ 
4g =< 
= 
+ 
Ld 
por 


32 SCIENCE. 


much the most likely direction of assault 
from a lizard.’ According to this writer, it 
is when the butterfly requires to rest that it 
settles, not on the under side of a leaf, as do 
most other butterflies, but ‘on the bare trunk, 
or one of the larger boughs, of a tree.’ 

Nat. Sct 


SHORTER ARTICLES. 


DATA WITH A POSSIBLE BEARING ON THE CAUSE 
OF LIGHTNING. 


1. Lenarp inferred from his experiments 
that it is necessary for the water jet to strike 
a solid obstacle to generate the electricty ob- 
served in the surrounding medium of air. I 
find that a surface of water is also efficient, 
and I place the electricity as a charge on the 
water nuclei produced, because the charge in- 
creases with the number of nuclei computed 
from their coronas. In other words, the mere 
attrition of water by water is sufficient to 
charge the nuclei. 

In a forthcoming paper in the American 
Journal of Science I show that if each nu- 
cleus carries one electron, there must be at 
least 10° nuclei per cubic cm. ‘ Atleast,’ 
because much of the charge is lost in the 
tube which conveys the nuclei into the con- 
denser, and I have not yet allowed for this. 

From the coronas simultaneously produced 
I find that about 5,000 nuclei are present per 
c.c. Hence each nucleus carries 200 elec- 
trons, while its potential is below five volts. 
Thus there are a million electrons in each 
c.c. of the air which I examine, or in a cubic 
kilometer there would be 10?! electrons, or 
71011 electrostatic units of charge, or 
about 200 coulombs. 

2. Let this region be spherical with a 
superficial capacity, which would then be 
62105 cm. The potential* at the sur- 
face of the region would be eleven million 
electrostatic units of potential, or over three 
thousand million. volts, if the nuclei were all 
of the same sign and were transferred to the 
surface. Every time the region is emptied 
of its nuclei, the surface acquires a charge of 


* For a mile flash of lightning 70 coulombs at a 
million volts are usually conceded (Lodge). 
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the enormous potential stated, and there is no 
reason why the nuclei may not be continually 
produced by attrition while they are being 
transferred. 

3. Now regarding the transfer of nuclei, 
we may note that when they are produced 
from pure water, positive charges are usually 
in excess; when produced from dilute solu- 
tions, negative charges are usually in excess; 
but I find that the bulk of the nuclei are 
symmetrically positive and negative. 

The velocity of the nucleus of charge e, in 
an electrostatic field of the potential gradient, 
E, is v= Ee/6"™“R, where R is the radius of 
the nucleus and - (.0002, say), the viscosity 
of air. Put, therefore, in this equation the 
values which I have here and in other places 
adduced, R=10-6 cm., e= 200 7 10-10 
electrostatic units, whence v= 37 cm./sec., 
or over four fifths mile an hour, for the unit 
electrostatic field; about .003 mile per hour 
of a field of one volt/cm. 

Thus there is considerable mobility in these 
nuclei. With a strong electrostatic field at 
least locally in action, the nuclei of one sign 
would thus be driven outward, warmer nuclei 
into colder regions of continually increasing 
conduction or rarer air, where their charges 
would be dissipated. The other nuclei would 
be driven earthward, colder nuclei into 
warmer regions of continually decreasing 
conduction to be discharged, if at all, by a 
flash, particularly if, on growth of drops, 
gravity steps in as a final motor. 

Whether there is sufficient commotion in 
thunder-storms to give rise to the attrition 
of water, whether comminution will not suf- 
fice if accomplished in other ways, whether 
an earth electrostatic field is an adequately 
permanent or localized occurrence, whether 
indeed separation of nuclei is needed if there 
is enough excess of charges of definite sign, 
must be left for further consideration; but 
it seems to me that data bearing on the occur- 
rence of lightning are here suggested which 
deserve serious scrutiny. 

C. Barus. 

Brown UNIVERSITY, 

PRovipence, R. I. 
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THE HOSTS OF ARGULIDS AND THEIR 
NOMENCLATURE. 


An excellent monograph of the ‘ North 
American Parasitic Copepods of the Family 
Argulide’ has been contributed to the Pro- 
ceedings of the U. S. National Museum by 
Dr. Charles Branch Wilson and just published. 
As it is ‘the first of a series, now in course of 
preparation, on the parasitic Copepods,’ it 
seems advisable to point out a defect which 
should be avoided in the subsequent mono- 
graphs. The hosts are very often erroneously 
named or named in a very archaic or contra- 
dictory manner. The archaic nomenclature 
is chiefly connected with foreign forms and 
is the result of determinations of species made 
many years ago. 

The host of Argulus nattereri (p. 720) 
and Dolops longicauda (p. 732) named ‘ Salmo 
(Hydrocyon) brevidens Cuvier’ (p. 720) or 
‘Hydrocyon (Salmo) brevidens Cuvier’ (p. 
732) does not belong to the same order as 
Salmo nor to the same genus as Hydrocyon 
(which is confined to Africa), but to a genus 
(Salminus) peculiar to South America. The 
Argulus salmini (p. 720) was also found 
parasitic ‘in the gill cavity’ of Salminus and 
not of ‘Salmo, a genus, as already stated, of 
a different order. : 

Species of ‘ Chromis’ are designated as the 
hosts of two species of Argulids, Argulus 
chromidis of Nicaragua (p. 721) and Chono- 
peltis inermis of Wiedenhafen, East Africa 
(p. 729). 

Probably the Central American fish is a 
Cichlid of the genus Heros, and the East 
African, one of the genus Tilapia. Chromis 
is now reserved by all the best authorities for 
a salt-water genus of the family of Pomacen- 
trids. 

The host of Argulus doradis called Doras 
niger (p. 7384) is now known as Ozydoras 
niger. The host of Argulus africanus (p. 727) 
called Claria is a catfish of the genus Clarias. 

The host of Dolops reperta of Guiana (734) 
called ‘ Aymara’ is an Erythrinid now known 
as Macrodon tareira or by the earlier but ex- 
tremely inappropriate name Macrodon mala- 
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baricus, due to a blunder of Bloch committed 
more than a century ago. 

The host of Dolops striata (p. 735) and 
Dolops bidentata (p. 736) of Guiana, called 
‘a species of Anguilla,’ is probably a species 
of a different order named Synbranchus mar- 
moratus. No Anguilla has been recorded from 
Guiana. 

The host of Dolops discoidalis designated 
as a species of Platystoma has been for nearly 
forty years universally called Sorubim. 

Another fish, the common alewife, on the 
same page is called Clupea vernalis and Pom- 
olobus pseudoharengus. 

Dr. Wilson’s bibliography is well digested, 
but he seems to have overlooked a few articles. 
Among such are three of minor importance 
by Reinhardt (1864), Frauenfeld (1870) and 
Dambeck (1877), besides one of considerable 
importance by von Nettovich (1900) of thirty- 
two pages and two plates. 

One other defect should be remedied. No 
habitat except ‘Wiedenhafen’ is given for 
Chonopeltis inermis. As Wiedenhafen is not 
noticed in current gazetteers (it is not in the 
latest edition of Lippincott’s) it was deemed 


necessary to refer to the original description 


but the only reference to the place of descrip- 
tion was ‘ Thiele, 1901,’ the rest of the line 
sufficient for the page being left blank. On 
reference to Thiele’s article in the Zodilo- 
gischer Anzeiger, it appeared that Wieden- 
hafen is in East Africa. The name of the 
host is no guide. 

The other lapses are not of sufficient im- 
portance to demand special attention here. 

TuHeo. Gru. 
Cosmos CLUB. 


THE GREAT NEED IN AMERICAN ZOOLOGY. 


Art the present day the zoologists of the 
United States of America can point to a con- 
siderable number of well-equipped labora- 
tories, and of others in course of construction; 
of libraries, such as that of the Philadelphia 
Academy of Natural Sciences, which is prob- 
ably not excelled; of an annually increasing 
number of fellowships and free scholarships 
to enable students to investigate; and of the 
aid of the government in maintaining such 
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institutions as the National Museum. Uni- 
versities are growing richer, for which we are 
thanktul, and more numerous, an evil neces- 
sary perhaps to the geographical extent of 
the country. There are great reference mu- 
seums in Philadelphia, Washington, Boston, 
New York, Chicago, and others with a good 
promise that have been more recently started. 
These are surely signs of a vigorous activity 
in research, and we all must rejoice in them. 

It is not buildings, nor endowment funds, 
nor libraries nor collections that make labora- 
tories or universities or museums, but it is 
the men who do constructive work in them, 
those who discover and classify the facts. 
There have been examples of institutions that 
might have been splendid, but which have 
proved to be only ornate, and because capable 
men have not been placed in untrameled 
guidance of them they have proved to be 
melancholy mausoleums, examples of a donor’s 
folly. They have had their use in the gen- 
eral economy of things, however, for they 
have taught the American public that men, 
and not buildings, mean greatness—the men 
who do the work for the love of it and with- 
out thought of personal advancement. 

But the work that is being accomplished, 
the zoological investigations and reflections, 
what is being done to give it publicity? By 
no means all that should be done. The ave- 
nues of publication are incommensurate with 
the amount of the investigations. For we see 
nearly annually papers by Americans pub- 
lished in the English Quarterly Journal of 
Microscopical Science, in Spengel’s Zoo- 
logische Jahrbiicher, in the Archiv fiir Ent- 
wicklungsmechanik, and in the two Anzeigers. 
America builds and maintains laboratories 
in sufficiency, but does not afford to publish 
all the work done in them. One hesitates 
to undertake an elaborate contribution, par- 
ticularly one with expensive illustrations, for 
when an American journal has at last been 
persuaded to accept it, great delay is experi- 
enced before its final appearance, and by the 
time the proofs are received they seem like 
an old and stale story. So we are obliged to 
advise our students to condense their doctor’s 
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theses, to omit colored drawings, even to use 
the pen in place of the pencil, in order to 
avoid the expense of lithography. Now any 
one at all conversant with the nature of zoo- 
logical investigation understands how impor- 
tant for the representation of the facts are 
good and numerous figures; so important, 
that the zoologist is involuntarily inclined to 
estimate the truth of the facts contained in 
a paper by the character of the drawings, 
these being the concise evidence of what the 
describer has seen, or of what he thinks he 
has seen. The number of illustrations should 
in no case be reduced; in most cases they 
should be considerably increased, and as far 
as the mere statement of facts is concerned 
the illustrations should preponderate over the 
text. More thought goes into the making of 
a drawing than into the writing of a purely 
descriptive text, and much more technique. 
There would be much less confusion in de- 
seriptions, consequently much less also in con- 
clusions, if writers had not been obliged tc 
be sparing with their drawings, but every 
American editor shrinks before an. offering 
of drawings. A certain German cytologist, 
as it will be recalled, sent out with each 
author’s reprint of a paper upon cellular 
‘Eliementarorganismen’ a small ribbon of 
paraffine sections of the objects that he de- 
scribed, with the request that each recipient 
mount these sections, study them, and so be 
convinced of the writer’s truth. That is a 
method of argument, however, that is gener- 
ally not feasible; duplicate material cannot 
be furnished to all who are interested in a 
subject, but good drawings and plenty of 
them should be furnished, regardless of the 
expense of reproduction. 

Plainly, what we need, and it is now the 
first need of zoological research, are ample 
means for publishing large monographs ac- 
companied by numerous detailed plates, and 
for publication of them as rapidly as the 
plates can be reproduced. Our present jour- 
nals are mainly the proceedings, transactions 
and memoirs of societies and universities, and 
the government publications; there are a con- 
siderable number of these, and some of them 
offer excellent facilities. Then there are a 
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few independent journals for general zoolog- 


ical papers, such as‘the American Naturalist 
and the Biological Bulletin, both intended for 
shorter contributions; and the more recent 
Journal of Anatomy, which is limited, how- 
ever, mainly to vertebrate anatomy. Fore- 
most among the independent journals is the 
Journal of Morphology. It has done its duty 
nobly; we are proud of it and ready to main- 
tain it; but it should have two or three vol- 
umes a year, instead of a single one, and as 


: many more as may be necessary. 


That these avenues of publication are far 
from sufficient for the amount of investiga- 
tion is shown by the fact, already mentioned, 
that a large number of American papers are 
being published abroad, and that American 
editors are obliged to insist upon small volume 
of text and paucity of illustrations. Occa- 
sionally a Mscenas has come forward and 
made possible the publication of a large work; 
but obviously investigation cannot depend 
upon such sporadic aid. Contrast our rela- 
tively small number of journals with those in 
Germany. There, in addition to the publica- 
tions of societies, which are more numerous 
than our own, and some of them much more 
sumptuous, are a large number of independent 
journals: the Anatomischer Anzeiger, Zool- 
ogischer Anzeiger, Biologisches Centralblatt, 
and others intended for shorter papers;. and 
for larger monographs the Zeitschrift fiir 
wissenschaftliche Zoologie, Archiv fiir mtikro- 
skopische Anatomie, Morphologisches Jahr- 
buch, Jena’ische Zeitschrift, Zoologische Jahr- 
biicher, Anatomische Hefte, Ergebnisse der 
Anatomie und Entwicklungsgeschichte, Archiv 
fiir Naturgeschichte, Archiv fiir Protisten- 
kunde, and others. America can make abso- 
lutely no comparison with that array, which 
includes only the more notable journals. 
France and Austria also outdo us in facilities 
for publication. 

To our shame it must be said that our ave- 
nues of publication by no means keep pace 
with the increase in work of investigation. 
It is not a new fact; it is a case of bringing 
owls to Athens to recall this state of affairs 
to the readers of Scrence. But the condition 
of apathy that has existed in regard to it 
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needs to be replaced by one of activity. There 
are rich men who can financier our zoological 
publications if the matter be brought to their 
attention in the right way; an ample endow- 
ment fund for large monographs, safeguarded 
by a competent board of critical editors, is 
not chimerical, but entirely feasible. The 
society should feel itself honored by the tender 
of a good monograph, and not the author by 
its acceptance for publication; good work 
should not go a-begging. There should be a 
concerted attempt to strengthen all the present 
journals, by increasing already existing publi- 
cation funds and by multiplying the number 
of subscribers. Can not the matter be so pre- 
sented to rich men that they may see an en- 
dowment fund for publication is of greater 
service than the founding of a university? 
Few men are so made that they have so much 
delight in the discovery itself, that the charm 
is not enhanced by making it known to others; 
obstacles in the way of publication, such as 
there are to-day without need, may do much 
to dishearten research. 

One word of warning must be said: we 
do not need new journals, but a financial 
strengthening of those that we already have. 
And because, first, we owe support to the 
journals that have stood by us; second, be- 
cause concentration is wiser than extensifica- 
tion, and, third, because a new journal, whose 
name has not yet become known, means prac- 
tical burial for the papers contained in its 
earlier issues. 

Tuos. H. Montcomery, Jr. 

UNIVERSITY OF PENNSYLVANIA. 


THE BISHOP COLLECTION OF JADE AND 
HARD-STONE OBJECTS. 


Heser R. Bisnop was born March 2, 1840, 
at Medford, Mass., and died in New York 
City, December 10, 1902, at the age of sixty- 
three years. Mr. Bishop recently presented 
his famous collection of jade and hard- 
stone objects to the Metropolitan Museum of 
Art, New York City, and gave the sum of 
$55,000 for its installation in suitable cases, 
to be made in Louis XV. style by Allard, of 
Paris, one of the leading artisans of France. 
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And if this is not enough his estate will add 
to this. 

A special hall will be set aside for it, to be 
known as ‘ Bishop Hall,’ where it will be dis- 
played in the finest solid gilt-bronze, plate- 
glass cases, but it will not be upon exhibition 
until a year from this time. 

This is the finest collection of jade objects, 
engraved and jeweled, that exists in any public 
museum or private collection. It numbers 
more than one thousand specimens and fully 
represents all phases of the artistic develop- 
ment of this interesting material. The col- 
lection was started by the purchase of the 
Hurd jade vase from Messrs. Tiffany & Co., 
in 1878. This was one of the finest pieces 
that ever left China, and led to Mr. Bishop’s 
taste for collecting such objects. 

The collection will be described in a volume, 
which when published will probably be one 
of the most remarkable, expensive and sumpt- 
uous books ever issued, limited to an edition 
of one hundred copies. 

Nearly ten years ago, Mr. George F. Kunz 
began the preparation of a mineralogical, 
geological and archeological description of 
the collection, to be published in this great 
catalogue, upon which Mr. Bishop had ex- 
pended more than $100,000 at the time of 
his death. The scientific investigation was 
given entirely to Mr. Kunz, and he associated 
with him about twenty of the most eminent 
men in various related lines upon both sides 
of the water; and a more thorough investiga- 
tion of this mineral has been made than was 
ever perhaps undertaken upon any other 
known mineral. The specific gravity, the 
tensile strength, the compression test, the 
sonorousness of the mineral from a musical 
point of view; a chemical investigation, a 
microscopical study, a microscopical examina- 
tion of the thin sections; the origin of the 
mineral, the mining, the archeological his- 
tory; the cutting, drilling, polishing, and 
many other phases, were gone into most thor- 
oughly; and where a specialist existed who 
more minutely understood any special branch, 
he was called upon by Mr. Kunz to carry out 
the work. 
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The volume upon publication will go only to 
public institutions. The foreign etchings 
by French and Chinese colonists are un- 
equalled. Many of the color illustrations are 
by Prang, who made those in ‘Gems and 
Precious Stones of North America,’ so well 
known by our readers. It was this work that 
suggested the color illustrations for the Bishop 
book on Jade, as well as for the magnificent 
Walters book on Chinese porcelains. 


SCIENTIFIO NOTES AND NEWS. 


Tue Nobel Prizes, if the statement now 
cabled from Sweden is correct, have been 
awarded as follows: Medicine, Major Ronald 
Ross, of the School of Tropical Medicine, 
Liverpool. Chemistry, Professor Emil Fischer, 
of Berlin. Physics, divided between Pro- 
fessors Lorenz and Zeemann, of Holland. 

Tue Cambridge Philosophical Society has 
elected as honorary members Professor H. F. 
Osborn, Bayley Balfour, A. H. Becquerel, E. 
Fischer, Richard Heymons, J. H. van’t Hoff, 
M. Jordan, W. K. von Réntgen, Corrado 
Segre and Hugo de Vries. : 

Mr. MacMimuen, director of the 
Queensland Botanic Garden at Brisbane, has 
been elected a corresponding member of the 
Royal Botanic Society of London. 

W. H. Oscoop, of the U. 8. Biological Sur- 
vey, has just returned from a biological ex- 
ploration of the base of the Alaska Peninsula 
and the region between Lake Clark and 
Nushagak River. This work is in continu- 
ation of his previous explorations of the Yukon 
River and Cook Inlet regions, the results of 
which have been already published in North 
American fauna. 

Proressor J. C. ArrHur has been granted 
a month’s leave of absence by the authorities 
of Purdue University, and will spend January 
at the N. Y. Botanical Garden in researches 
on the genera of the Uredinex and their types. 


Dr. M. A. Howe, assistant curator of the 
N. Y. Botanical Garden, has returned from a 
six week’s collecting trip along the coast of 
Florida, bringing a large number of speci- 
mens of the algal flora of the Keys. Professor 
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F. S. Earle, assistant curator, returned from 
Jamaica on December 2. During his tour on 
the island of Jamaica an investigation was 
made of a number of diseases of the economic 
plants and a large collection of fungi was 
made. 

Mr. Hansury, fellow of the Royal Geo- 
graphical Society, reached Winnipeg on 
December 15, after an absence of nearly two 
years in the Arctic circle and the Hudson’s 
Bay regions. 

As has been fully reported in the daily 
papers, Mr. Marconi has established com- 
munication by wireless telegraphy between 
Cape Breton and Cornwall. His announce- 
ment, dated December 21, is as follows: “I 
beg to inform you for circulation that I 
have established wireless telegraph communi- 
cation between Cape Breton, Canada, and 
Cornwall, England, with complete success. 
Inauguratory messages, including one from 
the Governor General of Canada to King 
Edward VIL. have already been transmitted 
and forwarded to the Kings of England and 
Italy. A message to the London Times has 
also been transmitted in the presence of its 
special correspondent, Dr. Parkin, M.P.” 

Dr. W. B. WueErry, associate in bacteriology 
at the University of Chicago, has received an 
appointment to the post of bacteriologist in 
the Government Laboratories at Manila, P. I. 


Dr. Dav T. Day, chief of the Division 
of Mineral Resources of the U. S. Geological 
Survey, has been elected a member of the 
board of managers of the National Geographic 
Society to fill the unexpired term of Mr. 
Henry Gannett. As Mr. Gannett will remain 
in the Philippines for a year or more, en- 
gaged in the census of the islands, he has 
resigned temporarily from the board. 


Tue first Livingstone gold medal has been 
awarded by the council of the Scottish Geo- 
graphical Society to Sir Harry H. Johnston, 
G.C.M.G., K.0.B., for his distinguished ser- 


vices as an explorer and administrator in 
Africa. 


Mr. Epmunp Perrier has been elected as 
the representative of the Paris Museum of 
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Natural History on the French Council of 
Public Instruction. 


Dr. J. B. DeTont has been appointed pro- 
fessor of botany and director of the Botanic 
Gardens at the University of Modena. 


Proressor G. W. Green, professor of mathe- 
matics in the Dlinois Wesleyan University, 
has died at Bloomington, Il., at the age of 
forty-five years. 

We learn from the American Geologist of 
the death of Mr. R. A. Blair, at’ Sedalia, Mo. 
He had spent many years in studying the 
rocks of central Missouri, and had made val- 
uable collections from the Chouteau limestone. 


Tue death is announced of Dr. J. Wisli- 
cenus, professor of chemistry in the Univer- 
sity at Leipzig. 


Privy Councirttor von Kuprrer, professor 
of anatomy at Munich, died on December i6. 


WE regret also to record the deaths of Dr. 
Friedrich Riidorff, formerly professor of in- 
organic chemistry at the School of Technol- 
ogy at Charlottenburg, at the age of 70 years; 
of Dr. Wladislaw Celakowsky, professor of 
botany at the German University at Prague, 
at the age of sixty-seven years; of Dr. Lats- 
chinow, professor of physics and meteorology 
in the School of Forestry at St. Petersburg; 
of M. Dehérain, professor of vegetable physi- 
ology in the Paris Museum of Natural His- 
tory; of M. Hautefeuille, mineralogist in the 
Faculty of Sciences at Paris, and of M. Mil- 
lardet, professor of botany at Bordeaux, 
known for his researches on phyloxera. 

THe Board of Trustees of the Carnegie 
Institution has made an appropriation of 
$8,000 for the establishment and maintenance 
of a desert botanical laboratory for the fiscal 


-year 1902-1903, and the executive committee 


of the institution has appointed Mr. Fred- 
erick V. Coville and Dr. D. T. MacDougal an 
advisory board in relation to this undertaking. 
The proposed laboratory has been established 
for the purpose of making a thorough investi- 
gation of the physiological and morphological 
features of plants under the unusual condi- 
tions to be found in desert regions, with par- 
ticular reference to the relations of the char- 
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acteristic vegetation to water, light, tempera- 
ture and other special factors. A resident in- 
vestigator to be placed in immediate charge of 
the laboratory will begin a series of researches 
upon certain more important problems out- 
lined by the board, and facilities will be pro- 
vided by the aid of which a few other investi- 
gators from any part of the world may carry 
on work upon any problem connected with 
desert plants. A discussion of the scope and 
purposes of ¢he laboratory was arranged to 
be given before Section G at the Washington 
meeting of the American Association. 

Tue Convocation of Oxford University has 
authorized a grant of £100 from the Craven 
Fund to Mr. David G. Hogarth, M.A., fellow 
of Magdalen, in aid of researches and explora- 
tion at Naucratis. 

Tue Thomson Foundation Gold Medal of 
the Royal Geographical Society of Austra- 
lasia, Queensland, will be awarded to the 
author of the best original paper (provided it 
be of sufficient merit) on each of the following 
subjects, the papers to be sent in by the date 
named: (1) The commercial development, ex- 
pansion, and potentialities of Australia; or, 
briefly put, the commerce of Australia (July 
1, 1903); (2) the pastoral industry of Aus- 
tralia, past, present, and probable future (July 
1, 1904); (3) the geographical distribution of 
Australian minerals (July 1, 1905); (4) the 
agricultural industry of Australia (July 1, 
1906). 

We learn from the Botanical Gazette that 
Pearson’s collections of Hepatice have been 
secured by the National Herbarium at the 
British Museum. It contains about 9,000 
specimens, among which are many types and 
the material used in preparing several well- 
known papers. 

A clIvi. service examination will be held 
on January 27 for the position of assistant 
biologist in the Department of Agriculture, 
at a salary of $1,200. The subjects and 
weights are as follows: 

Geographic distribution of animals.......... 20 
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Taxidermy 10 
Field experience in biological investigation.... 15 
General education and training..... 10 


On the same day there will be held an ex- 
amination for the position of botanical clerk 
in the National Museum at a salary of $600. 
The scientific part of the examination is on 
systematic botany. On January 29 and 30 
there will be held an examination to secure 
an eligible list of physicians in the United 
States and Philippine services. The scope 
of the examination is as follows: 


Thesis (500 words to be written on one of two 


topics given) .. 4 
Correction of rough-draft manuscript (250 
Mathematics (arithmetic, algebra, including 
quadratics, and plane geometry).......... 3 
History and civil government of the United 
General history and geography.............. 2 
Colonial government and administration (gen- 
Political economy (general principles)...... l 
Education and 2 


Optional examinations may at the same time 
be taken in most of the sciences. Candidates 
are particularly desired for positions in chem- 
istry, engineering and agriculture in the Phil- 
ippine service at salaries from $1,200 to 
$1,400. 


Revuter’s Acency is informed that the sug- 
gestion that the British Association should 
hold its annual meeting for 1905 in South 
Africa emanated from the new South African 
Association of Science, of which Sir D. Gill, 
Astronomer Royal for the Cape, is president. 
Before the last meeting of the British Asso- 
ciation at Belfast invitations were sent from 
the municipalities of Cape Town, Kimberley, 
Bulawayo and other centers in South Africa, 
and it is understood that these have been ac- 
cepted, and that the session of 1905 will be 
held in South Africa. Scientific papers will 
be read at various centers in the South Afri- 
can colonies, and visits will be paid to nu- 
merous places of interest. A sum of £7,000 
has been collected in South Africa for the 
entertainment of the Association. While in 
Rhodesia the visitors will be the guests of 
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the Chartered Company, who will place their 
railways at their disposal, and, among other 
things, take them by special train to the Zam- 
besi, where they will stay at the new hotel 
to be erected near Victoria Falls. Probably 
the guests will leave England in a special 
steamer. 

THe second International Congress of 
Mathematicians will be held at Heidelberg 
in 1904. 

‘Tue Association for Promotion of Scien- 
tifie Research by Women announces that ap- 
plications should be received before March 1 
for the American Women’s Table at the 
Zoological Station at Naples. Application 
blanks for the use of candidates, items re- 
lating to the expense of living at Naples, and 
full information as to the advantages for re- 
search at the station may. be obtained from 
the secretary, Miss Cornelia M. Clapp, Mount 
Holyoke College, South Hadley, Mass. 


Tue House of Representatives has passed 
the pure foed bill introduced by Mr. Hep- 
burn; it provides “for preventing the adul- 
teration, misbranding, and imitation of foods, 
beverages, candies, drugs and condiments be- 
tween the States and in the District of Co- 
lumbia and the Territories, and for regulating 
inter-State traffic therein.” It directs the 
Secretary of Agriculture to organize the chem- 
ical division of the Department of Agricul- 
ture into a Bureau of Chemistry, which shall 
be charged with the inspection of food and 
drug products, and shall from time to time 
analyze samples of foods and drugs offered for 
sale. Traffic in adulterated or misbranded 
goods is prohibited under penalty of a fine 
not exceeding $200 for the first offense, and 
for each subsequent offense a fine not exceed- 
ing $300 or imprisonment not exceeding one 
year or both. 


_ Ar a meeting of the Zoological Society of 
London on November 18 Dr. Forsyth Major 
read a paper on the specimens of the Okapi 
that had recently arrived in Brussels from the 
Congo Free State. The author stated that 
these specimens, whilst presenting the same 
specific characters as the specimens formerly 
received by the Oongo State authorities, 
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showed conclusively that the male was alone 
provided with horns, and that the mode of 
their development was the same as in the 
Giraffe. The Okapi seemed to be a more 
generalized member of the Giraffide than the 
Giraffe, sharing not a few features of alliance 
with the Upper Miocene Palewotragus (Samo- 
therium). In several characters it was in- 
termediate between the Giraffe and the fossil 
forms; but, apart from these, some features 
were pointed out in which it appeared to be 
even more primitive than its fossil relatives. 
These last characters went some way to 
support the assumption that Africa was the 
original home of the Giraffide. 


Tue London Times states that the official 
decision of Germany to take part in the Uni- 
versal Exposition to be held in St. Louis in 
1904 has long been assured. The delay in 
making the announcement has been due wholly 
to the exigencies of the domestic situation, 
and to the depression in business prevailing 
during the past two years. In fact, after the 
visit of Prince Henry to St. Louis, the tender 
by the Emperor of a statue of Frederick the 
Great to the city of Washington, and the 
changed attitude towards the Monroe doctrine, 
recently apparent, participation on large lines 
was certain. These have been an earnest of 
the emperor’s desire to please and conciliate 
the Americans upon both the diplomatic and 
personal sides. High politics has, however, 
been only one of the influences behind this 
decision. The principal idea has been that of 
broadening the demand for German wares, 
with the result that there is general concur- 
rence in the opinion both as to the necessity 
and the helpfulness which come from the most 
perfect and varied displays at all the great 
exhibitions. Even that at Paris in 1900 was 
striking, following, though it did, the failure 
to exhibit there at all in 1889. The great 
Krupp firm, which has so distinctly been built 
up to its present massive proportions by the 
policy inaugurated at the Great Exhibition 
of 1851 and since maintained without inter- 
ruption, has really been the one potent ex- 
ample. At the Chicago Exhibition of 1893 
Germany expended about $800,000 upon its 
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buildings, its official display, and as an aid to 
the manufacturing and commercial features. 
Thus far no announcement has been made of 
the sum likely to be set aside for use at St. 
Louis, but, from assurances given by the em- 
peror, that for the purpose of illustrating 
every phase of its artistic, manufacturing, 
agricultural and industrial development Ger- 
many would make at St. Louis the finest ex- 
hibit ever shown from that country, the con- 
clusion has been reached that at least 4,000,000 
Marks will be set aside for this purpose. 


Mount McKinley, the highest mountain on 
the North American continent, was visited last 
season by Alfred H. Brooks and his party 
from the United States Geological Survey, of 
which Mr. D. L. Reaburn was topographer. 
As far as is known, this is the first time the 
siopes of the peak have been reached by white 
men, though in 1898 its altitude and moisture 
were determined from a distance by Robert 
Muldrow, of the same survey. The mountain 
is located near the western margin of the 
Alaskan Range, the general name given to 
the large mountain mass which separates the 
Yukon and Kuskokwim waters from Cook 
Inlet drainage. It is a great dome-shaped 
mountain, formed of intrusive rock, towering 
to an elevation of over 20,000 feet above the 
sea level. Though its summit reaches so 
high an altitude, almost four miles above tide, 
it probably is not as difficult of ascent as some 
other Alaskan mountains, for example, Mount 
St. Elias, because of its relatively high snow 
line. As the season was well advanced, as 
much of his itinerary had still to be carried 


« out, and as it was no part of the original plan, 
Mr. Brooks did not attempt to pass the snow 


line, though this point was reached. Now 
that the location and height of the mountain 
have been established by the exploration of 
the Geological Survey, travelers and individ- 
ual explorers will doubtless soon attempt to 
reach the summit. In anticipation of these 
attempts, Mr. Brooks is preparing a descrip- 
tion of the country, giving routes by which 
the mountain may be reached and other in- 
formation valuable to those interested in its 
ascent. His paper will appear in one of the 
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leading geographical magazines. The more 
elaborate and extended report of the explora- 
tion will be published by the Geological Sur- 
vey at an early date. 


UNIVERSITY AND EDUCATIONAL NEWS. 


Ir is announced that during the past two 
years an endowment fund of more than §1,- 
000,000 has been raised for Syracuse Univer- 
sity. 

By the will of the late Mrs. Lura Courrier, 
of New York City, Yale University will ulti- 
mately receive $50,000 for the aid of poor 
students. 

NorTHWESTERN UNIVERSITY will celebrate its 
founder’s day on January 28, when its new 
professional school building, costing over 
$900,000, will be dedicated. President Had- 
ley, of Yale University, will deliver the dedi- 
catory address, taking as his subject, ‘ The 
Place of the Profession] School in the Mod- 
ern University, and its Relation to the Other 
Departments.’ 

Tue electrical laboratory of the Rensselaer 
Polytechnic Institute at Troy, N. Y., has 
been almost completely destroyed by fire. The 
loss is estimated at over $30,000. 

We learn from Nature that the reader in 
geography and the lecturers in ethnology and 
geology of Cambridge University have ar- 
ranged for a series of lectures and practical 
courses to serve as a training for persons 
wishing to undertake exploration or desirous 
of contributing to our knowledge of foreign 
countries. The series will be held during the 
Lent term, and will include history of geo- 
graphical discovery, principles of physical 
geography, map-making and map-reading, 
geography of Europe, by Mr. Oldham; an- 
thropogeography, practical ethnology, by Pro- 
fessor Haddon; geomorphology and geology, 
by Mr. Marr; plane-table and photographic 
surveying, by Mr. Garwood, and elementary 
astronomical surveying, by Mr. Hinks. 

Kenyon K. Burrerrie.p, instructor in rural 
sociology at the University of Michigan, has 
been appointed to the presidency of the Rhode 
Island State College of Agriculture, at Kings- 
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